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INTRODUCTION 


The following technical manual for the Nabu 1100 System is designed to familiarize 
you with the components, internal hardware, and capabilities of your new system. 


Basically, the manual contains documentation from the manufacturers of the 
system’s components; such as Nabu, Volker-Craig, NEC, etc. It has been written for 
the knowledgeable user, with additional information included for those at an 
engineering level. 


The computer itself, the keyboard/terminal, and the optional printer are the 
components of your system. The computer is manufactured by Nabu, and comes 
housed in a specially designed moveable cabinet, with two drawers. The lower 
drawer can be used for storage of diskettes etc., while the upper drawer contains 
the hardware associated with the computer. The system features 64K user memory 
capacity, and uses the Z-80A microprocessing unit developed by Zilog. Total storage 
capacity of the system is 2 Megabytes, with the use of floppy diskettes. As well, the 
system provides interfaces for printer and controls. 


The keyboard/terminal is manufactured by Volker-Craig, and is microprocessor 
based; providing a full set of standard functions as well as a variety of options. The 
non-glare screen can display up to 24 lines x 80 characters (a total of 1920 character 
positions). The keyboard is detachable and features a full set of punctuation and 
special symbols, a variety of control keys, and a numeric keypad. 


Printer options for the Nabu 1100 System include a NEC Spinwriter 5510/20, a NEC 
3510/20, or a Centronics printer. Although these three options are available, the 
most common option is the NEC Spinwriter 5510/20, which is a letter-quality printer 
with a printing speed of up to 660 words a minute. The Spinwriter features an 
interchangeable, rotating thimble which contains up to 128 fully formatted 
characters, and has a color printing option. 


Now that the system has been introduced and briefly described; the manufacturer’s 
documentation on the system components will follow. This information should help 
you to understand, operate and maintain your system, in order to obtain the best 
possible performance from it! 


SYSTEM MAINTENANCE 


Maintenance of your new computer system should be one of your most important 
consideration, since proper maintenance can help avoid computer downtime and 
costly repairs. 


General maintenance of the system involves periodic checks of the hardware. This 
preventive maintenance inspection should be done every six months by a qualified 
service Technician. 


Regular cleaning should be done by the operator at least once a month as follows: 


- vacuum under the system cabinet 
- vacuum paper dust out of printer 
- clean cabinet, printer, and screen with any spray cleaner and a soft cloth. * 


* NOTE: Spray the cleaner only on the cloth, NOT ON THE EQUIPMENT. 


The system cabinet has been installed with rollers, for maneuverability when 
cleaning etc. However, if the system is to be moved a long distance (to another 
office building for example), we recommend you repack it in its original cartons, to 
avoid damage. 
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INTRODUCTION 


Congratulations on the purchase of your new Nabu 1100 Computer; you have 
invested in a sophisticated and reliable microprocessing unit. This system uses the 
powerful Zilog Z-80A microprocessor chip, and is equipped with 2 double-sided, 
double-density floppy Disk Drives. It features 64K user memory capacity; 62K of 
which is designated as R/W memory, and 2K as R/O memory. Total storage capacity 
for the system, using floppy diskettes, is 2 Megabytes (1 Megabyte per Drive). 


The system is equipped with two RS-232C Serial 1/0 ports with programmable Baud 
Rate. These 1/0 ports facilitate the use of both a console and a printer; or any two 
peripherals you may require. As well, a parallel output port is provided for the use 
of the optional Centronics dot matrix printer. Another feature of the system is the 
programmable timer, which can be used to implement a real time clock for the 
system. 


The computer hardware is located in the upper drawer of the specially designed 
cabinet. Directly against the right side of the drawer as you open it are the Disk 
Drives, manufactured by Shugart. They feature low heat dissipation, improved access 
time, capacity for single or double density recording on standard diskettes, and write 
protection and programmable door lock for improved data security. The Shugart 
Disk Drive manual has been included for further information. 


To the left of the Disk Drives is the card cage containing the printed circuit boards, 
which plug into a standard 5-100 Bus. There have been some modifications to certain 
pin functions, and these are indicated in the $-100 Bus table included in the manual. 
Attached to the boards are the interconnecting cables used to interface between the 
various components of the system. The four printed circuit boards (CPU, Memory, 
Input/Output, and Floppy Controller) are described in detail in the manual, and 
complete circuit diagrams for each board have been included. 


TABLE 1: JEEE S-100 BUS UTILIZATION 


PIN # SIGNAL NAME IMPLEMENTATION 

L +8 Volts Power supply 

2 +16 Volts Power supply 

3 XRDY (S) Not implemented 
4 VIO*(S) Not implemented 
5 VI1*(S) Not implemented 
6 VI2*(S) Not implemented 
7 V1I3*(S) Not implemented 
8 VI4*(S) Not implemented 
9 VI5*(S) Not implemented 
10 VI6* (S) Not implemented 
ll ViI7*(S) Not implemented 


12 NMI*(S) 
13 PWRFAIL* (B) 
14 DMA3* (M) 
15 Al8 (M) 
16 Alé (M) 
17 Al7 (M) 
18 SDSB* (M) 
19 CDSB* (M) 
20 GDN (B) 
21 NDEF 

22 ADSB* (M) 
23 DODSB* (M) 


Implemented but not used 

Not implemented 

Not implemented 

Not implemented 

Not implemented 

Not implemented 

Disables the 8 status signals 
Disables the 5 control output signals 
Ground (not implemented) 

Not to be defined 

Disables the 16 address signals 
Disables the 8 data output signals 


24 p (B) Master timing signal 
25 PSTVAL* (M) Status valid strobe 
26 PHLDA (M) Hold control signal 
tt 27 PWAIT Indicates processor is in wait state 
28 RFU Reserved for future use 
29 A5 (M} Address bit 5 
30 A4 (M) Address bit 4 
31 A3 (M) Address bit 3 
32 Al5 (M) Address bit 15 
33 Al2 (M) Address bit 12 


Address bit 9 
Data out bit 1 
Data out bit 0 
Address bit 10 


34 AQ (M) 
35 DO1 (M) 
36 DOO (M) 
37 AlO (M) 


38 DO4 (M) Data out bit 4 
39 DOS (M) Data out bit 5 
40 DO6 (M) Data out bit 6 
41 DI2 (S) Data in bit 2 
42 DI3 (8S) Data in bit 3 
43 DI7 (S) Data in bit 7 


44 sMl (M) Op-code fetch status signa 


45 sOUT (M) Transfer status signal 
46 sINP (M) Transfer status signal 
47 SMEMR (M) Memory read status signal 


48 SHLTA (M) 
49 CLOCK (B) 
50 GND (B) 


HLT acknowledge 
2 MHz (0.5%) 40-60% duty cycle 
Ground 


51 +8 Volts (B) Power supply 
52 -16 Volts (B) Power supply 
53 GND (B) Ground (not implemented) 
54 SLAVE CLR* (B) Reset bus slaves 
55 DMAO* (M) Not implemented 
56 DMA1* (M} Not implemented 
57 DMA2* (M) Not implemented 
58 SXTRQ*(M) Not implemented 
59 Al9 (M) Not implemented 
60 SIXTN* (S) Not implemented 
61 A20 (M) Not implemented 
62 A21 (M) Not implemented 
63 A22 (M) Not implemented 
64 A23 (M) Not implemented 
t65 MREQ Memory request 
t66 MRFSH Memory refresh 
67 PHANTOM* (M/S) Enables phantom slaves 
68 MWRT (B) Memory write 
69 RFU Reserved for future use 
70 GND (B) Ground (not implemented) 
71 RFU Reserved for future use 
72 RDY (S) Ready input 
73 INT*(S) Primary interrupt request 
74 HOLD* (M) HOLD control signal 
75 RESE'T* (B) Resets bus master devices 
76 pSYNC (M) Control signal identitying BS1 
77 PWR* (M) Data bus control signal 
78 PDBIN (M) Data in control Signal 
79 AO (M) Address bit 0 
80 Al (M) Address bit 1 
81 A2 (M) Address bit 2 
82 A6 (M) Address bit 6 
83 A7 (M) Address bit 7 
84 A8 (M) Address bit 8 
85 Al3 (M) Address bit 13 
86 Al4 (M) Address bit 14 
87 All (M) Address bit ll 
88 DO2 (M) Data out bit 2 
89 DO3 (M) Data out bit 3 
90 DO7 (M) Data out bit 7 
91 DI4 (S) Data in bit 4 
92 DI5 (S) Data in bit 5 
93 DI6 (S)} Data in bit 6 
94 DI1 (S) Data in bit 1 
95 DIO (S) Data in bit 0 
96 SINTA (M) Interrupt status signal 
97 sWO* (M) Data out status signal 
ttog FREQ Status signal for 4 MHz clock 
99 POC* (B) Power-on clear signal 
100 GND (B) Ground 


T these signals are not defined in the standard but are used in 
the system for the Z-80A microprocessor memory control signal. 


tt 


These signals are non-standard 


1, Empty 

2 FLOPPY DISK CONTROLLER BOARD 
3. INPUT/OUTPUT BOARD 

4. Empty 

5 CPU BOARD 

6. Empty 

7. MEMORY BOARD 

8. Empty 


NOTE: Positions indicated are numbered from left to right as 
viewed from the front of the cabinet. 


POWER SUPPLY 


The S3 power supply (from Sunny International) is an open- 
frame module located behind the two drives in the top drawer of 
the Nabu system. It provides unregulated +8, +16, and -16 volts 
for the S-100 bus and regulated +5, -5 and +24 volts for the disk 
drives. It consists of four major components: transformer, 
rectifiers, filter capacitors, and regulators. 


The transformer primary has two 110V windings. They are 
connected in parallel for use with a 110V supply, and in series 
for use with a 220V supply. 


SPECIFICATIONS: 
INPUT: 110 Volts AC, 60 Hz, Single phase 


OUTPUT: Unregulated: +8 Volts @ 14A, +16 Volts @ 3A, -16 Volts @ 3A 


Regulated: +5 Volts @ 4A, -5 Volts @ 1A, +24 Volts @ 4A 


4.0 CPU BOARD 


GENERAL INFORMATION 


The Nabu ACP-1101 CPU Board is designed to bring the full 
power of the Zilog 2Z-80A microprocessor to the S-100 bus. The 
CPU board has provision for up to three 2716 type EPROM's (for a 
total of 6K bytes), and two 2114 type static RAM's (for a total 
of 1K bytes). The base address of this memory block can be set 
using on-board jumpers. The board also performs an automatic 
jump to a user selected memory address on system start-up or 
reset. The clock frequency of the main processor is also 
selectable between 2 and 4 MHz. When the 4 MHz clock frequency 
is used, the board automatically inserts one wait state when the 
on~board EPROM or RAM is accessed. 


When used in the Nabu 1100 computer system, the board 
operates at a 4 MHz clock rate, with one 2716 EPROM and two 2114 
RAM's addressed from F800H to FFFFH. 


SPECIFIC PEATURES 


Clock Frequency Selection 


The Nabu ACP-1101 may be clocked either at 4 MHz or 2 MHz. 
The operating frequency is selectable with Jumper 8 (JP-8). 
(Please refer to the board layout for the location of all 
jumpers). Connecting this jumper sets the operating clock 
frequency to 2 MHz. The standard CPU card is shipped with the 
jumper disconnected and runs reliably at 4 MHz, 


Pin 98, labelled as FREQ, on the S-100 bus, is used by the 
Nabu system as an indicator line for the operating frequency, 
For 4 MHz operation the line will be high; for 2 MHz it is low. 


Automatic Power-On Jump 


When system power is turned on, or a reset signal is 
received, the CPU jumps to one of two hundred and fifty-six 
possible memory locations. The jump address is selected by the 
eight address jumpers JP-9 to JP-16. Only the eight most 
significant address bits (Al5 - A8) are used to decode the jump 
address. The eight least significant address bits (A7 - AO) are 
taken as logic 0 as shown on the next page. 


Power-On Jump Address: X 0.0 
A7 - AO, always at logic 0 


Al5 - A8, selected by user 


The standard Nabu CPU board has the power-on jump address 
set at FCOOH (jumpers JP-15 and JP-16 installed). 


On-Board Memory Selection 


The Nabu CPU board offers a maximum of six kilo-bytes of on- 
board memory, which consists of three 2K x 8 (2716 type) EPROM's 
and two 1K x 4 (2114 type) static RAM's. IC sockets are provided 
on the board for the memory chips. 


f 


The memory address for the on-board EPROM's and RAM's are 
grouped as a block. Within the block, the individual memory 
chips are allocated as follows: 


Base + 2000H 


Base: + COUR SoS oee se See Sse re 
RAM 1 / RAM 2 
Base: + Le00R) sa -eersSsese esas = 
ROM 3 

Base +. 10008. sHrorssr serene s 
ROM 2 

Base. + (8008 .- epee sees eee 
NOT ASSIGNED 
Base Of BLOCK SHbaeeeenee eee eee 


*Only the upper 1K of ROM 1 is used. 


The RAM is configured as 1024 x 4 bits (2114 type). RAM 1 
stores data bits DO, D7, D6, and D5; and RAM 2 stores data bits 
D4, D3, D2, and Dl. 


The base address of the block is set by jumpers JP-1 through 
JP-3, The three most~significant address bits are used to set 
the address of the block. Table 1 (on the following page), lists 
the possible base addressses of the block corresponding to each 
jumper connection. 


STARTING ADDRESS (IN HEX) OF: 


CO a eee 


JUMPERS (JP) 


ROM 2 ROM 3 RAM 1/RAM 2 ROM 1 
0800 1000 1800 1co0 
2800 3000 3800 3C00 
4800 5000 5800 5C00 
6800 7000 7800 7C00 
8800 9000 9800 9C00 
A800 BOO00 B800 BCOO 
c800 D000 D800 DCc00 
E800 F000 F800 FCOO 


‘l’ represents 'Jumper is connected' 
'Q0' represents "Jumper is disconnected' 


TABLE 1; Jumper Connection And Starting Address of Memory 


The enabling of these memory chips is done by connecting 
jumpers JP-5, JP-6, and JP-7 in the selection area S-l,. JP-5 
enables ROM 2, JP-6 enables ROM 3, and JP-7 enables ROM 1 and 
RAM 1/ RAM 2, as seen in the figure below. (Note that ROM 1 and 
RAM 1/ RAM 2 are enabled together, and so both must be used 
together). 


Selection ooo0ao0o0o090 
Area S-l 
00o0o0CdldUcrOWUCcOdUcO 
Jumpers (JP) 5 6 7 
| L --connected to enable ROM 1/ RAM's 
onnected to enable ROM 3 


connected to enable ROM 2 


In addition, enabling on~board RAM's and EPROM's renders any 
external devices or memory at the selected address-block 
inaccessible to a read instruction. However, a write operation 
will write into all devices located there. 


The standard Nabu ACP-1101 is shipped with the following 
memory setting: — 


Selection 
Area §-1l I i 


0. 0 
Jumpers (JP) 1 2 3 5 6 7 


The memory map corresponding to the standard setting would 
be: 


re re ee ee ee ee ee ee 


ROM 1 


ce ee we cee ee re re ae eee eee 


RAM 1 / RAM 2 


NOT SELECTED 


ee ee eee een ee nr een nenreny 


NOT SELECTED 


a ee ee ee 


When both the 4 MHz operating frequency, and the on-board 
EPROM's and RAM's are chosen, (as in the standard Nabu ACP-1101 
setting), one wait-cycle is automatically inserted by the CPU 
logic circuitry. 


Refresh Enab] 


Dynamic RAM's periodically require a refresh to maintain the 
data stored within the memory cell. The Nabu CPU board brings 
the memory-refresh signal from the Zilog Z-80A microprocessor to 
the S-100 bus. Pin 66 on the S-100 bus is designated by Nabu as 
the memory-refresh signal, RFSH. The memory request signal from 
the Z-80A processor is also brought out to the S-100 bus. Pin 65 
(named as MREQ), is used to indicate a valid memory address on 
the address bus, 


NABU ACP-110] CPU BOARD 


Integrated Circuits 


U1-U4 2114 

U5 74LS136 
U6 74LS42 
U7 74LS20 
U8, U9, U28, 

U30-U34 74LS241 
ule 74LS175 
Ull 74LS123 
U12, U17, U20, 

U23, U24 74LS74 
u13 74LS132 
U14, U2] 74LS04 
U15 74LS08 
U16 74LS32 
U18 Z-80A-CPU 
U19 74LS157 
U22, U25, U35 74LS02 
U26 74LS367 
U27 74LS14 
U29, U36 74LS368 
U37, U38 7805 
ROM1—-ROM3 2716 
Transistors: 

Ql 2N4124 
Q2 2N4126 
Diodes: 

Dl, D2 1N914A 
Capacitors: 

Cl1-cl0, C13-C15, 
C19-C24, C25, 

C26, C30, C31 

cll, c18 

C12 

C16, C27-C29 


C17 


PARTS LIST 


1024 x 4-bit NMOS static RAM 
Quadruple 2-input NOR with open- 
collector outputs 
4-line-to-1l0-line decoder 

Dual 4-input NAND 


Octal buffer/line-driver with 3-state 
outputs 

Quadruple D-type flip-flop 

Dual retriggerable monostable 
multivibrator with clear 


Dual D-type rising-edge-triggered flip- 
flop with preset and clear 

Quadruple 2-input NAND with Schmitt- 
triggered inputs 

Hex inverter 

Quadruple 2-input AND 

Quadruple 2-input OR 

Central processing unit (4 MHz) 
Quadruple 2-line-to-l-line multiplexer 
Quadruple 2-input NOR 

Hex non-inverting bus-driver 

Hex inverter with Schmitt-triggered 
inputs 

Hex inverting bus-driver 

5 V positive voltage regulator 

2716 EPROM with bootstrap program 


NPN silicon transistor 
PNP silicon transistor 


Silicon switching diode 


0.1 yvF 

33 pF disc 

22 pF, 16 V tantalum electrolytic 
10 uF, 16 V tantalum electrolytic 
10 nF 


Rewistors: 


R1, R2 
R4 
R8 
R9 
R10 
RN1~RN3 


Quantity 


HPADHPeYW OP TAH 


9-resistor pack of 1 kdVresistors with 
common pin #1 


8.000 MHz parallel-resonant 


D: oe 


14 pin 
16 pin 
18 pin 
20 pin 
24 pin 
40 pin 


socket 
socket 
socket 
socket 
socket 
socket 


Delta 680-0.5-220 Heatsink 
#6-32 x 3/8" machine screw 
#6-32 nuts 
p.c. board 


NOTE: The following 11 _ pages have been reproduced by permission 
of Zilog, Inc. © 1979, 80, 81. This material shall not 
be reproduced without the written consent of Zilog, Inc. 


Z-80A is a trademark of Zilog, Inc., with whom the 
publisher is not associated. 
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g@ The instruction set contains 158 instructions. 


The 78 instructions of the 8080A are 
included as a subset; 8080A software com- 
patibility is maintained. 


@ Six MHz, 4 MHz and 2.5 MHz clocks for the 


Z80B, Z80A, and Z80 CPU result in rapid 
instruction execution with consequent high 
data throughput. 


B The extensive instruction set includes string, 


bit, byte, and word operations. Block 
searches and block transfers together with 
indexed and relative addressing result in 
the most powerful data handling capabilities 
in the microcomputer industry. 


@ The Z80 microprocessors and associated 


family of peripheral controilers are linked 
by a vectored interrupt system. This system 
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Figure !. Pin Functions 


may be daisy-chained to allow implemen- 
tation of a priority interrupt scheme. Little, 
if any, additional logic is required for 
daisy-chaining. 


Duplicate sets of both general-purpose 

and flag redisters are provided, easing 

the design and operation of system soft- 
ware through single-context switching, 
background-foreground programming, and 
single-level interrupt processing. In addi- 
tion, two 16-bit index registers facilitate 
program processing of tables and arrays. 


There are three modes of high speed inter- 
rupt processing: 8080 compatible, non-Z80 
peripheral device, and Z80 Family 
peripheral with or without daisy chain. 


@ On-chip dynamic memory refresh counter. 
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Figura 2. Pin Assignments 


General 
Description 


The Z80 Z80A, and Z80B CPUs are thira- 
generation single-chip microprocessors with 
exceptional computationa! power. They offer 
higher system throughput and more efficient 
memory ut:lization than comparable second- 
and third-generation micraprocessors The 
internal registers contain 208 bits of read/write 
memory that are accessible to the programmer 
These registers include two sets of six general- 
purpose registers which may be used 
individually as either 8-bit registers or as 
16-bit register pairs. In add.tion, there are two 
seis of accumulator and flag registers | group 
of “Exchange ’ instructions makes ener set of 
main or alternate registers accessible to the 
programmer, The :lternate set allows operation 
in foreground-background mode or it may 
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be reserved for very fast interrupt response. 

The Z80 also contains a Stack Pointer, Pro- 
gram Coun‘er, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only a single +5 V power 
source, all output signals are fully decoded 
and t:med to control standard memory or 
peripheral circuits, and is supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Fiqure 3) shows the 
primary functions of the Z80 processors. 
Subsequent text provides more detail on the 
Z80 I/O controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
timing. 
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Figure 3. 280 CPU Block Diagram 
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The Zilog Z80 microprocessor is the central 
element of a comprehensive microprocessor 
product family. This family works together in 
most applications with minimum requirements 
for additional logic, facilitating the design of 
efficient and cost-effective microcomputer- 
based systems. 

Zilog has designed five components to pro- 
vide extensive support for the Z80 micro- 
processor. These are: 


@ The PIO (Parallel Input/Output) operates in 
both data-byte I/O transfer mode (with 
handshaking) and in bit mode (without 
handshaking). The PIO may be config- 
ured to interface with standard para}lel 
peripheral devices such as printers, 
tape punches, and keyboards. 


@ The CTC (Counter/Timer Circuit) features 
four programmable 8-bit counter/timers, 


Figure 4 shows three groups of registers 
within the Z80 CPU. The first group consists of 
duplicate sets of 8-bit registers: a principal set 
and an alternate set (designated by ‘ [prime], 
e.g., A’). Both sets consist of the Accumula- 
tor Register, the Flag Register, and six 
general-purpose registers. Transfer of data 
between these duplicate sets of registers is 
accomplished by use of “Exchange” instruc- 
tions, The result is faster response to interrupts 
and easy, efficient implementation of such ver- 
satile programming techniques as background- 
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each of which has an 8-bit prescaler. Each 
of the four channels may be configured to 
operate in either counter or timer mode. 


® The DMA (Direct Memory Access) con- 


troller provides dual port data transfer 
operations and the ability to terminate data 
transfer as a result of a pattern match. 


B The SIO (Serial Input/Output) controller 


offers two channels. It is capable of 
operating in a variety of programmable 
modes for both synchronous and asyn- 
chronous communication, including 


Bi-Synch and SDLC. 


@ The DART (Dual Asynchronous Receiver/ 


Transmitter) device provides low cost 
asynchronous serial communication. It has 
two channels and a full modem control 
interface. 


foreground data processing. The second set of 
registers consists of six registers with assigned 
functions. These are the I (Interrupt Register), 
the R (Retresh Register), the IX and IY (Index 
Registers), the SP (Stack Pointer), and the PC 
(Program Counter). The third group consists of 
two interrupt status flip-flops, plus an addi- 
tional pair of flip-flops which assists in identi- 
fying the interrupt mode at any particular 
time. Table ! provides further information on 
these registers. 


ALTERNATE REGISTER SEY 


INTERRUPT FLIP-FLOPS STATUS 


Te] Le] 


= INTERRUPTS DISABLED STORES IFFY 


1 = INTERRUPTS ENABLED DURING NWI 
SEAVICE 


INTERRUPT MODE FLIP-FLOPS 


a INTERRUPT MODE 0 
1 NOT USED 

0 (INTERRUPT MODE 4 
1 INTERRUPT MODE 2 


+H OD 


Figure 4. CPU Registers 


Z80 CPU Register Size (Bits) Remarks 
Regist iid A, A’ Accumulator 8 Stores an operand or the results of an operation. 
(Continued) 

F, F Flags 8 See Instruction Set. 

B, B’ Genera! Purpose 8 Can be used separately or as a 16-bit register with C. 

iam GH General Purpose 8 See B, above. 

DD Genera! Purpose 8 Can be used separately or as a 16-bit register with E. 

E, Genera! Purpose 8 See D, above. 

H, H’ General Purpose 8 Can be used separately or as a 16-bit register with L. 

L, 2 General Purpose 8 See H above. 

Note: The (B,C), (D,E), and (H,L} sets are combined as follows; 
B — High byte C — Low byte 
D -- igh byte E -— Low byte 
H -- High byte L --- Low byte 

I Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt 
processing. 

R Refresh Register 8 Provides user-transparent dynamic memory retresh. Automatically 
incremented and placed on the address bus during each 
instruction fetch cycle. 

™ Index Register 16 Used for indexed addressing. 

IY Index Register 16 Same as IX, above. 

SP Stack Pointer 16 Stores addresses or data temporarily. See Push or Pop in instruc- 
tion set. 

PC Program Counter 16 Hoids address of next instruction. 

IFF|-IFF3 Interrupt Enable Flip Flops Set or reset to indicate interrupt statua (see Figure 4). 

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4). 

Table I. Z80 CPU Registers 
Interrupts: The CPU accepts two interrupt input signals: @ Mode | -- Peripheral Interrupt service, for 
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems. 
Operation interrupt and has the highest priority. INT is a @ Mode 2 — a vectored interrupt scheme, 


lower priority interrupt since it requires that 

interrupts be enabled in software in order to 

operate. Either NMI or INT can be connected 
to multiple periphera! devices in a wired-OR 
configuration. 

The Z80 has a single response mode for 
interrupt service for the non-maskable inter. 
rupt. The maskable interrupt, INT, has three 
programmable response modes available. 
These are: 


BW Mode 0 -- compatible with the 8080 micro- 
processor. 


usually daisy-chained, for use with 280 
Family and compatible peripheral devices. 


_ The CPU services interrupts by sampling the 
NMI and INT signals at the rising edge of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected. Details on inter- 
rupt responses are shown in the CPU Timing 
Section. 


Operation 
(Continued) 


Non-Maskable Interrupt (NMI). The non- 
maskable interrupt cannot be disabled by pro- 
gram control and therefore wi!l be accepted at 
at all times by the CPU. NMI is usually 
reserved for servicing only the highest priority 
type interrupts, such as that for orderly shut- 
down after power failure has heen detected. 
After recognition of the NMI signal (providing 
BUSREQ is not active), the CPU jumps to 
restart location OO66H. Normally, software 
starting at this address contains the interrupt 
service routine. 


Maskable Interrupt (INT). Regardless of the 
interrupt mode set by the user, the Z80 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided that 
interrupts are enabled and BUSREO is not 
active) a special interrupt processing cycle 
begins. This is a special fetch (M1) cycle in 
which IORQ becomes active rather than 
MREO, as in a normal! M1 cycle. In addition, 
this special M1 cycle is automatically extended 
by two WAIT states, to allow for the time 
required to acknowledge the interrupt request 
and to place the interrupt vector on the bus. 


Mode 0 Interrupt Operation. This mode is 
compatible with the 8080 microprocessor inter- 
rupt service procedures. The interrupting 
device places an instruction on the data bus, 
which is then acted on six times by the CPU. 
This is normally a Restart Instruction, which 
will initiate an unconditional jump to the 
selected one of eight restart locaticns in page 
zero of memory. 

Mode | Interrupt Operation. Mode | oper- 
ation is very similar to that for the NMI. The 
principal difference is that the Mode } inter- 
rupt has a vector address of 0038H only. 


Mode 2 Interrupt Operation. This interrupt 
mode has been designed to utilize most effec- 
tively the capabilities of the Z80 microproc- 
essor and its associated peripheral! family. The 
interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an 8-bit 
address vector on the data bus during the 
interrupt acknowledge cycle. The high-order 
byte of the interrupt service roufine address is 
supplied by the I (Interrupt) register. This flex- 
ibility in selecting the interrupt service routine 
address aljlows the peripheral device to use 
several different types of service routines. 
These routines may be located at any available 


location in memory. Since the interrupting 
device supplies the low-order byte of the 
2-byte vector, bit 0 (Ag) must be a zero. ~ 


Interrupt Priority (Daisy Chaining and 
Nested Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain config- 
uration. Each device in the chain has an inter- 
rupt enable input line (JEI) and an interrupt 
enable output line (IEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its IEI input hardwared to 
a High level. The first device has highest 
priority, while each succeeding device has a 
corresponding lower priority. This arrange- 
ment permits the CPU to select the highest 
priority interrupt from several simultaneously 
interrupting peripherals. 

The interrupting device disables its IEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its IEO line is 
raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The 280 CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 


Interrupt Enable/Disable Operation. Two 
flip-flops, IFF, and JFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the Z80 CPU Technical Manua! and Z80 
Assembly Language Manual. 


Action FF, IF; Comments 
CPU Reset 0 re) Maskabie interrupt 
INT disabled 
DI instruction 0 0 Maskable interrupt 
execution INT disabled 
EI instruction ] 1 Maskabie interrupt 
execution INT enabled 
LD A,I instruction . . IFFz ~ Parity flag 
execution 
LD A,R instruction * * IFF2 — Parity flag 
execution 
Accept NMI O IFF) FF) ~ IFF2 
(Maakable inter- 
rupt INT disabled) 
RETN instruction IFFz ¢ IFF) ~ IFFy at 
execution completion of an 


NMI service 
routine. 


Table 2. State of Flip-Flops 
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Instruction The Z80 microprocessor has one of the most ©) 16-bit arithmetic operations 
Set powertul and versatile instruction sets 1) Rotates and shifts 
available in any 8-bit microprocessor. It 
includes such unique operations as a block 


(2 Bit set, reset, and test operations 


move for fast, efficient data transfers within C1 Jumps 
memory or between memory and [/2). It also Fieeallen ie ead eee 
allows operations on any bit in any location in pana Me i . 
memory. ©] Input and output operations 

The following is a summary of the Z8&0 A variety of addressing modes are 
instruction set and shows the assembly implemented to permit efficient and fast data 
language mnemonic, the operation, the flag transfer between various registers, memory 
status, and gives comments on each instruc- locations, and input/output devices. These 
tion. The Z80 CPU Technica! Manual addressing modes include: 


(03-0029-01) and Assembly Language 
Programming Manual (03-0002-01) contain 
significantly more details tor programming u 
use. i: Modified page zero 
The instructions are divided into the . 


(3 Immediate 


Immediate extended 


a Tl Relative 
following categories: 
i) B-bit loads () Extended 
f 16-bit loads a tpdened 
© Register 


lm Exchanges, block transfers, and searches 
& ' fas 
2 8-bit arithmetic and logic operations l Register indirect 


Cl General-purpose arithmetic and CPU iI Implied 
contro} c Bit 
8-Bit Symbolte Flags Opcode No.of No.of M No.of T 
Load Mnemonic Operation 8 2 H PY N OC 78 343 210 Hex Bytes Cycles States Comments 
LDr, s‘ tor © K¥ © F © « thor or 1 1 4 rr’ Reg. 
Group LD ren ron ee KX © X © 8 oO r 1G 2 2 7 000 B 
—ne- 001 Cc 
LD r, (HL) t- (HL) "8 K © X # 8 Ol r 110 i 2 7 glo oD 
LD r, (IX+d) or — (IX+d) ee» X © X¥ # #@ © 1! G}} 101 OD 3 § 19 oll E 
Glo r 101 joo) 6d 
~d-~ 101 L 
LD (Y¥ed) or (l¥+d) * 2 X © K # © © 1233) 101 FD 3 5 19 Ml A 
0} or NG 
wg 
LD (HL), ¢ (HL) — 5 7 6© X © X¥ # 2 «6 OL iG re i Z 7 
LD GX+d), re ([X4d) — + * © X¥ # X #€ # 6 4101) 11) DD a 5 19 
Ob iO or 
-d- 
LDUY+d},r  (l¥¢+d)-—r * © X © X e& 2 11 it] 103° FD 3 5 ig 
Ob ilO r 
eved- 
LD (HAL), n (HL) + on eo 8 X © K * @ «@ 00 110 110 36 2. 3 10 
io dy ae 
LDUX+d)n (IX+d) ~— ee ¥ #© K * 8 © 11 334 101 BD 4 S 19 
O bid 110 36 
-~d- 
2 ase 
LD GQY4d)on (UY¥4#d)-— 1 = 6© ¥ # K © @ 4 1) lito) FD 4 5 19 
OO i10 1G 36 
-d- 
ea fieas 
LD A. (BC) A - (BC) * x KX re # 8 OO Gh: O16 OA | 2 7 
LD A, (DE) A ~ (DE) * 8 X © K e e 4 Oo GEE OIG 1A 1 2 7 
LO A, inn} A = (nn) «= 2 X 2@ K & # @ 0311 G10 3A 3 4 13 
‘as pee 
ens 
LDIBC) A (8C)~ A ee X © KF @ @ 8 0000 010 02 | zZ 7 
LO (DE), A (DE) ~ A es 8 K #© KX # #8 G@ 010 O10 12 1 2 7 
LD (anj, A {no} — A ee X © KX 8 8 & OO 10 GIR 32 3 4 13 
isp ae 
me 
LDA! A-] 1 t & O X IFF O 8 $1 101 101 ED 2 2 9 
O01 010 11) 5? 
LEAR A-~R fe sf oi AXES 0 2. 11) 10} 161 ED 2 2 9 
0] 011 332) SF 
LDLA pe A *“ © X © KX © #& © 7: 301 202 ED 2 2 9 
Ot O06 111 47 
LDA. A R-A e 28 X 8 X # ee 8 11 103 10] ED 2 2 3 
O10Gi 11) 4F 
NOTES: ¢, 5’ means any ot tee reqnslers ABS BeSteik, 
IFF the content of che iamseup: enable fig cag. FFE ss 


coped ining the PY lag 

For an expienatior. of Hag sutatica and symbely lor 
ronemon», lattes, see Sympoie Netairon seclion 
icllewing tables 
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16-Bit Load Symboilc No.of No.of M No.of T 
Group Muemontc Operation 5 2 H P/V NOC 76 $43.210 Hex Bytes Cyclea States Comments 
LD dd, nn dd - an 7 8 X © KX e #8 & 00 daO 00: 3 3 10 dd Pair 
-n- 00 BC 
-—n- Ol DE 
LD IX, on IX — nn eo © K © K # # @ 1) O11 101 DD 4 4 14 10 RL 
00 100 001 21 ib SP 
en- 
7 
LD fY, nn IY + an 7 # X¥ © KR e @ 1) }3t 10) FD 4 4 14 
OG 100 OOt 2} 
ss 
=n= 
LD HL, {nn) H — inn+]) s 2 X #© KX © & ® oC 10] GIO 2A 3 5 16 
L + (mn) -a- 
pene. 
LD dd, {nn} ddy — (nn+}) s «© KX 2 X¥ 8 @ 6 32 10) 10} ED 4 6 20 
ddy, ~ (nn) 01 ddi O11 
ane 
-n- 
LD IX, (nn) Xp — {an+i) se KF = XK © # @ 11 O1) 102 DD 4 6 v3) 
Xp — (nv) 00 101 010 2A 
=e 
ae 
LD Y. (nn) Wy + inne) es © X « X a 8 «6 ly ill ii FD 4 6 2 
IY, = (nn) 00 101 D1O0 2A 
=n 
-n- 
LDinn} HL = (ane) ~ H eo 8 X # X «© © © wOl00g 22 «3 5 16 
(an}~ L -a- 
Spee 
LD (nn). dd (nn+1) ~ ddy o 8 X © K # 8 6 i: 101 101 ED 4 6 20 
(an) — day, ai add 01! 
a ine 
aay 
LD (nn). IX {nn+!) = IX} es 28 X = K 8 #& 8 1) 011 301 DD 4 6 20 
(na) — Xp 00 106 G10 22 
-n- 
es 
LD (nn), 1¥ (nn +1) — Yq * 8 X © X # © 6 1} 14 101 FD 4 6 20 
(nn) — IY, 00 100 G10 22 
ane 
~n-= 
LD SP, HE SP - HL > X © K #« @ « Yt 112 001 Fa 1 1 6 
LD SP, 1X SP — IX . x xX 8 @ «8 it 011 301 DD 2 2 10 
M11) 001 F9 
LD SP, IY SP — ly ee X = X 8 © & 111) 10) FD 2 2 10 
il 11: O01 FS aa Pair 
PUSH aq (SP- 2) — qaz * © X © K * # 8 11 qqd 101 1 3 M BC 
(SP-}) ~ qq 0 DE 
SP - SP +2 10 HL 
PUSH IX (SP -2) — IX, ee X¥ & K # # 8 21 031 101 DD 2 4 15 M AF 
(SP- 1) — IXy 1) 100 101 BS 
SP - SP -2 
PUSH IY (SP -2) — T¥p »s ¢ KX # ¥ 8 fs 11 11) 10) FD 2 4 15 
(SP~1) — 1¥y 11 100 102 ES 
SP + SP -2 
POP qq aqy ~ (SP+1) 7 6© X «© KX 8 8 «© }L gqQ 001 k 3 id 
gay ~ (SP) 
SP ~ SP +2 
POP IX KR = (SP +15 » 6@ KX © KX © ee @ 1] O11 101 DD 2 4 4 
IX, = (SP) 11 700 001 E2 
SP — SP +2 
POP LY I¥y — (SP+1) = © X © K #© 8 © Ji i11 101 FD 2 4 14 
IY, ~ (SP) 4} 100 001 E] 
SP ~ SP +2 
NOTES: dds any of the register pairs BC, DE. HL, SP. 
gq ts any of the register pairs AF, BC, DE, HL 
Pay (PAIR), reter to high order and law order eight bits ot the rea:ster pair respectively, 
e.g. BCL = CL AFH = A 
Exchange. EXDE,HL = DE ~ HL eo 8 X «© X # © © 1101012 EB} l 4 
Block EX AF, AF’ AF ~ AF * 6 X 8 X # © © 00 001 000 08 1 t 4 
EXX BC + KY * # K # KX 8 #8 @ 11 011 001 Dg 1 i 4 Reqister bank and 
Transfer, DE + DE’ auxiliary register 
HL ~ HL bank sxchange 
Block Search ex isp. - (SP+ 1) ee X 2 Xe 8 * imo BB 1 5 19 
Groups L + (SP) 
EX (SP), IX IXy — (SP +1) * © X © K # # @ 11 O11 101 DD 2 6 23 
Ty ~ (SP) 11 100 031 E3 
EX (SP), TY Ty - (SF+1) «8 KX * X¥ @ & «& ¥} 111 101 FD 2 6 23 
Tyr ~ (SP) 11 100 O11 ES 
r Oo 
LDI (DE) — (HL) * «© X O@ X tf O * Wi0lwiED 2 4 16 Load (HL) into 
DE ~ DE+1 10 100 000 AC {DE}, increment 
HL — HL+} the pointers and 
BC - BC -1 decrement the byte 
counter {BC} 
LDIA (DE) — (HL) * © X 0 X¥ GO 0 © i} 10] 0} ED 2 5 2) lf BC #0 
DE — DE+! 10 110 600 BO 2 4 16 If BC =0 
HL ~ HL+1 
BC - BC-1 
Repeat until 
BC =0 
NOTE: Orv flag ts Od the result of BO -1 = 0, otherwise PAY = 1. 
2001-001 1] 
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Exchange, Symballe Flaga Opcede No.of Ne.of M No.of T 


Block Mnemonic Operation & 2 B PY NC 78 S40 710 Hex Bytes Cycles States Comments 
Transfer, 6) 
LDD IDE) -- (HE) * 6 X¥ © X¥ t Ge Wil idh ED 2 4 16 
Block Search DE -- DE-1 iG 1a! NOO AB 
Groups HL = HL~1 
(Continued) BC BC -4 
LDDE (DE) — (HL! e 8 X 0 X s Co 10) AG) ED 2 5 al HBC #0 
DE - DE~} 11300 BR 4 16 HBC = 0 
HL = HL-1 
BC ~ 8C- 1 
Glepeat until 
BC = 0 
@ D 
CPI A SHL) ik St a KE ee Wool ol epg 4 16 
HL - Hie: Io $60 00) A; 
SO Beet 
BC ~ BC c ® 
CPIR A - (HL) POA a ON a Se 8: 1o) Em 2 5 21 BC # O and 
A * ‘HID 
HL HL+: Hg og) BI z 4 16 WBC = Cor 
BO BO] A. (RLi 
Repeat anhi 
A» (AL) or 
BC = 0 ® ® 
cpp A. tHb: 5 ® x * wig) ED 2 4 16 
HI - Hi i 1: 0G) Aa 
BC = BC ~ 1 oO 
CPDR A HL eh) Xe po e i, i ol ED 5 2! 1 BC # Oand 
A # iH} 
HL = HL-i WH OL Beg 4 \6 HBC = Dor 
BC - BO-) A» (HL) 
Repeat ual 
A = HL ar 
BC =o 
NOTES: )P-¥ ilag i 9 the result of BC 2 = otherwise PY. I 
OQ 7liag te bo A © CHL. otherwise Z = 6 
8-Bit ADDA. + AwjA+r tot k t XV G4 : \ 4 + Req. 
Arithmetic ADD A. n A-Ben Te he OK SSR WE og 2 2 7 00 B 
are See 001 
and Logical O10 BP 
Group ADD A, (HL) AAA + (HL oa Xk bX ¥ 8 4 10RRn0 L 2 7 OE 
ADD A, (K+) A — A+ (XK ed) rp xX 2 oe woe 1 "cig pp 3 5 i9 «6100 -H 
ia 504] L10 iL 
- 4@oe- bo A 
ADD A, UY+di A- A + UY4d) Po Re A VEG Howth FR 3 8 3 
£0 (GOD) i190 
my as 
ADC A s A - A+s+CyY Ped Ke 2K OM ot sisany ofr. n, 
(HEL), (IX +d), 
SUB s A-A-s t vd ox Xx Voig UY +d} as shown 
SEC A. s A -— A-s-CY oe Re eo Ty og for ADD instruction. 
AND s A-AAs taxk |X Pas The indicated bits 
+ ¥ replace the [00QJ in 
Le - Vs 2 Fay 
DR s A-AVs t+ § X¥ OG KX P G 4 the ADD set above 
XOR 5 A-Aes io: X O X Pe GO 
OP 6 A-s ae ae’, Cm Ca lias, A a} 
INC rere J 4 Rt 1 i 4 
ING {HL} HL} =(HL) +4 iE XR ve j 3 FI 
INC (IM+d) 9 UX+d) — >t X 1 ¥ ¥ Ga ill 10l DR 3 6 23 
UX 4a) +i 00 110 (00) 
ee 
INC Y+d} (¥ +0) - 1oux aX ¥ O « Shull FR 3 6 2B 
(veda! 90 110 TO 
-~- d-=— 
DEC m mem: tou xX a k¥ ¥o Joe By m ig any of r, (HL), 


(IX+d}, U¥ +d) 
as shown for INC 
DEC same formal 
and states as INC. 
Replace with 


fey m opcode 
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General- Symbolic Flags Cpcode No.of No.of M No.of T 
Purpose Mnemonic Operation &§ 2 a P/V NOC 76 $43 230 Hex Bytes Cycles Sitctes Comments 
‘ DAA Converts acc. content 4 | X 4 X Po o« ¢ 00 10G 111 27 } 1 4 Decimal adjust 
Arithmetic inte packed BCD accumulator. 
and foliowing ade or 
subtract with packed 
CPU Control BED aperande 
Groupes CPL A-A ee KX 1 KX *# 7 e® OG LDL 11: OF } 4 Complement 
accumulator Cone’s 
complement). 
NEG A-O-A (Sk SW CRB 3 i] 1G} 16) EP 2 2 8 Negate acc. (two's 
= 0: On0 102 44 compiement) 
CCF CY - UY ee 28 KX X¥ KX © S ft OG 112 .UL aPF 1 1 4 Complement carry 
flag. 
SCF CY -3 oa OX. Be Re. el oe 1 i 4 Set carry flag 
NOP No operation eo + KF © KX = 8 « 1 3 4 
HALT CPU haited > 2 X » K 8 8 @ 1 t 4 
Die IFF - 9 eo + KX © K oe #8 «@ 1 i 4 
ES w IFF +- | e > K #& X 8 ws 1 $ 4 
iMo Seat interript * 28 KF » KX ae 8 @ 2 2 8 
more © 
1M | Set interrupt > 8 X © KR s © 2 2 2 8 
made 
IM 2 Set interr 7 e X 8 RK #£ 8 ® 2 2 8 
moee 2 
NOTES: FF sedicaves th: 


CY ondiraves the va 


16-Bit ADD HL. se 9 HI. - HL «ss ee X XX © Ct Oss} } 3 i as__ Reg. 
OO BC 
Arithmetic ADCHL, ss RL + Hides © CY rot KX XX Vo GC 4 teowelieD 2 4 15 Dl DE 
Grou OP ssi 9 ie HL 
P SP 
SBC RL. sa HL - Hiss: CY 1 1 X & ¥ ¥ 1 2 4 15 
ADD [X. pp OO = IX + pp ee X¥ ¥ kK e C4 2 4 18 pp__ Reg. 
0 BC 
G1 DE 
10 Ik 
1) SP 
ADD IY, rr Ye i¥ te o @# X X KX * GO ft 2 4 15 te Reg. 
ogo BC 
0} DE 
id iY 
i) SP 
sso es + eo oe X © K © # 6 } i 6 
{Ro iX + ee OX eK re a 2 2 iG 
INC TY y= (¥+! eS eR PSR ce ieee ve 2 2 16 
DEC ss ss soe] © 8 K 8 XK 5 & 6 i ! 6 
DEC IX IX -— X-4 > 6* K © K ¢ 8 © 2 z 10 
DEC IY WY -- i¥-3 = © K © X © 8&8 © 2 2 1G 
vgeslen parr: BO DEL AG 
VE IX 
ey 
Rotate and 
RLCA <« e«¢ X OX © DO ft Mi HO G1 C7 1 4 Rotate left circular 
Shit Group accumulator 
RLA ee X¥ GF X #8 1 OO OG ili i? H 4 Rotate left 
accumuiator, 
RRCA ee © &§ GO KF © Gf Of GO! gs]. UF l 4 Rotate night orcular 
accumulator 
RRA sje KE Ge Xr 0. 96 O81 221 IF 1 4 Rotate right 
accumulator. 
RLC r P= ek, A Rs ot i) UG. OH CB 2 a Rutete lefe carcular 
oO wG or register r. 
RLS? (HL) 1 > KX G&G KX P G31 1) 0S; Dir CB 2 iS 
CG une ile 
RLC: 1X + dy t ¢ WES AO Xe SP th ot 16. OD 4 23 
Bi; CB 
1.6 
ALC UY +d) bor xX O X Po 44 Fn a ya) 
BR 
Instruction format 
tal and states dre as 
AL m {e]- 148 2X P G4 showa for BLC's. 
mor iHhi ix + di. + di To farm new 
a? opcode replace 
RRC m Cf. Bode GO OR OPP UOy + 00k 00G ar RLC’s 


mer tH) (1X + bh iY ed} 


with shown code, 


2002 -OOL 
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Rotate and Symbolic Flags Opcods No.of No.of M No.oi T 
Shift Group Mnemonic Operation H P/V ON 76 $49 210 Hex Bytes Cycles States Comments 
(Continued) 
RR tn XO AP ih 
SLA m Koo 8 Bf faq 
SRA m [ese rob ey) 8 0 X Pk (a 
SRL m X Q XX Fo eb fie 
RLD BG Ele Me oe { Fis 2 5 4 Rorate dignt lett and 
oF night between 
the: accumulator 
ard lecation FAL; 
HAD KX GC XxX Po & Et Z 5 Ves Tire content of the 
by zper pall ot 
lhe geoumnpiater os. 
Gratlec tend 
Bit Set, Reset ite.- Fn te Xt ox xo 108: Ol CB 2 2 8 : Re 
Ce bor ae FR 
and Test To HL) © 2 Hi, Xi x XG HOG CH 2 4 2 or 
Group Oo b Lid ols D 
BIT b, GX+di,p Z- iX+dip X i xX X C ti Gh) Val DD 4 s 20 Gli é 
1; OG1 Gil CB 10g H 
-d- 10) OL 
al ob 0] 1) oA 
ee b Bit Tasted 
BITb (Yd 2-14 dip, Keefe KE id Lusi le. eo 4 5 20 oo G 
(1 del Gli o ool ot 
- doi- ola 2 
t b IG Oil 3 
1m 4 
Wl 
lid 6 
li 7 
SET b. r Tho KX = X © @ ii OG) Gil CB 2 2 8 
>: 
SET b. (HL) tHLy = J X 8 X © & 23 OC) GIL CB 2 4 1s 
bid 
SET b, (X44) Uke dp, - | X # X # 6 1, G11 10; Dd 4 6 23 
11 OL Ol: CB 
ee 
) > iis 
SET b. U¥+d} UY +o, - 3 * X © K H1oiti iG} FD 4 6 23 
1) 8G} OB 
aa 
GH} » 1s 
RES b. m my — GC xX » X * 8 fig To form new 
mer, (HL) opcode replace 
(X+d)}. of SET b, 5 
IY + di with Flags 
and time states for 
SET instruction, 
MOTE. The menting tone ates bt oe ? 
Jump IP an PO = on, re a soy 01) C23 3 1 
ee 
Group - ne ge Condition 
JPee, an H condition ec is X e« xX # « li ce O16 3 3 10 OOO = NZ non-zero 
true PC — nn - ae OF] 2  2era 
atherwisé ve GIG) NC non-carry 
continue ii; © carry 
i) PO parity odd 
ii PE parity even 
110 P sign pontive 
Ke PO -- Pee Xo ey RL ee. OG OF] OOC 38 2 3 i2 fit) Mo mgn negathve 
asi enna 
iIRC.e tc = 0, Xo 2 K ee ¢ OO LiL OOG 38 2 2 ? Hi condition not met 
continue -e-2- 
Ic = 2, 2 3 12 If condition is met. 
PO + Po+e 
WNC e Ec =, X = X 8 « 0G 110 OOO 30 2 2 ? H condihon nol met. 
continue - e-2— 
IC = 4, 2 3 V2 Hf condition ss met. 
FC - PC+e 
IF Ze ids 0 x 0) Xo 00 101 OX 28 2 2 ; If condition not set. 
continue ~ e-2 — 
by aa 2 a 1z If condition ts met. 
POI PC +e 
IR NZ, @ by Aa Ko © X # @ 30 100 000 20 2 2 ? It condition nat met 
continue ~e1-2- 
HZ=6. 2 3 12 ft condition 1a met 
PO - PCee . 
JP CHL} Fo - Hi. KX oe X # « Ht 1G) O01 EG 1 t 4 
§P IX) PO ~- 1X ks KX % © 11 63! 101 DD 2 2 a 
1) !0) 001 ES 


call tenner dea dh cence carr nn nn nn Sa Ey 
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lump Group Symbolic Poe ec Tees wag Moet Hoot M Moot T 
(Continued) Operation s 3 rv iw TU 543 710 Mex Bytea Cycles Etotes Comments 
PLY) PC ~ IY o * KX © K # 2 © Hoth 10% FD 2 2 a 
11 301 001 EQ 
DINZ. « B- B-1 ee KX * K # @ 6 06 010 900 10 2 2 8 UB =O. 
LB «9, —-@e-2—- 
continue 
HB «0, 2 3 13 Be 0 
PC - PC +e 
NOTES: « representa the axtensicn in the relative addressing mods. 
@ 2 a eigned two's complement number in the range < - 126, 120 >. 
a~2 in the opcode provides an affective address of pc +e a6 PC is incremented 
‘by 2 priot to the addition of « 
Call and CALL an (SP-1) — PCy 1100: 101 CD 3 5 7 
(SP -2} — PCL - n= 
Return Group bee ecard 
CALL ce, nn If condition 11 ce 100 3 3 10 Uf cc is falee. 
ce is tales - Ao 
continue, eae 3 5 17 fcc is true. 
otherwise same as 
CALL nn 
RET PCL ~ (SP) t] 003 601 CO 1 3 10 
PCH — (SP +1) 
RET ce If condition 1] ce 000 1 1 5 If cc is falne. 
cc in fales 
continue. | 3 iH lt ce is true, 
sai cc Condition 
00) NZ non-zero 
RET 001 2 zero 
RET! Return from \1 101 101 ED 2 4 ae eee 
interrupt Ot 001 10! 4D 100 PO parity odd 
RETN! Return from 1) 101 30) ED 2 4 1410) BE part 
parity even 
non-maskable 01 000 10) 45 110 P sign positive 
interrupt Pe 
111M sign negative 
RST p (SP-]} — PCy bot BLL 1 3 iH t 
(SP -~2) — PCL 000 00H 
PCH - 0 001 06H 
POL -p 0!0 10H 
1) 18H 
100 20H 
101 26H 
110 30H 
lll 36H 
NOTE: ‘RETN loads |FF2 — IFF) 
Input and INA, (n) A~(n) 101101 DB 2 a nto Ag ~ Az 
- nea Ace. to Ag ~ A 
Output Group 4, (<, re(C) 11101 101 ED 2 3 id “Gade ae 
ifr = 130 only the or r 000 Bto Ag ~ Ais 
flaga will be affected 
INI (HL) + (C) il 10] 10! ED 2 4 16 C to Ag ~ Az 
B-B-1 10 100 010 A2 Bto Ag ~ Ajs 
HL - HL +1 
INIR (HL) — (C) 1] 101 101 ED 2 3 4) Cto Ag - Az 
B+ B-1 19 110 010 B2 tif B #0} Bto Ag ~ Als 
AL - HL + i 2 4 16 
Repeat until (if B=0} 
B=@ 
IND (HL) = C) 1110} 101 ED 2 4 16 Cito Ag ~ Aq 
B-B-} 10 103 O10 AA Bto Ag ~ Aig 
HL - HL-! 
INDR (HL) — (C) 11 $01 10) ED 2 5 21 Cito Ag ~ Az 
BR. B-1 10 111 010 BA ilf B#0) Bto Ag ~ Ais 
HL ~ HL~-? 2 4 16 
Repeat until (if B=0) 
B=6 
OUT {n}, A (nj -A $} 00 Oi! DS 2 3 il nto Ag ~ A? 
ited Ace. to Ag ~ Ajs 
OUT (C), r (C)er 1} 161 301 ED 2 3 12 Cita Ag — A? 
r 00} Bto Ag ~ Ars 
OUTI «C} — (HL) #1 101 101 ED 2 4 16 Ctoa Ag ~ Az 
B-8B-1 i0 100 O11 A3 Bto Ag ~ Ais 
; HL — HE + 1 
OTIA {C} — (HL) i} 161 10! ED 2 5 2] Cito Ag ~ A? 
B-B-} 10.110 O11 B3 Gf Bad) Bto Ag - Ajs 
HL- HL +} 2 4 16 
Repeat until (lf B= 0) 
B=0 
OuTD {C) — (HL) i110) 16) ED 2 4 16 Cto Ag ~ Az 
B-B-i 10 101 GI AB Bto Ag ~ Ais 
HL — Hi-3} 


NOTE: Or the resuit of Bt os zero the 2 flag 1s set, otherwise it 1s reset 
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Input and Symbolic Flogs Opcode No.oi No.of M No.of T 
Ouiput Group Mnemonic Operation 8 Zz EK P/N C 76 543 210 Hex Bytes Cycles States Comments 
(Continued) OTOR (C) = (HL) Koi xX xX KX Le lois ED 2 5 21 Cio Ag ~ Ap 
B-B-} 13 (11 G3 (tf Be 0} Bto Ag ~ Ais 
HL - HL-3 2 4 lé 
Repeat until it B=) 
B-0 
Summary of Dy Do 
Flag Instruction & 2 H PY N OC Comments 
Operation ADD A, s, ADC A, 5 (3 Ok he eK eM 10 a Abit add or adel with carry. 
5UB s: SBC A. s: CPs: NEG Hy t x I x. cv. 1 1 @-bit subtract. subtract with carry, compare and negate accumulator 
AND a Pe ob OK SD ERE PS 0 a . 
OR 5. XOR » t 1 xX co X P CG oO Logical operabons 
t t KX £ XM O x 8 bo! increment 
t 1 xX i xX ¥ L ° Bb decrement 
* 8 X X X 6 GY ; 
t vy & &® XX ¥ O fs 16 be add with carry 
t t xe X X Vf t 16-b: piracd with carry. 
* * KX O KX # € 4 Rotate accumulator 
AL m; RLC m: RA om: t 5) Ko UO OX BOD 1 Rotate and shift locations 
RRC rn: SLA m; 
SRA m; SRL m 
RLG, RAD ' 1 Xa Ke PE ve Rotate digit left and right 
DAA 1 ek oy GX, Mr oe Decimal acbust ¢ mate: 
CPL. = 8 X i Xa © 1° Complement avcunmulater 
SCF s 8 KX 8 XK © GF Set carry 
CCF ‘ OX OR OX me Gg Complament sacry 
IN ric} t t X tv XY P oe Inpui requster iidiest 
INL IND, OUTI, QUTD x 1 KX xX xX & t . wld ee eee ae . aes 
INIR: INDR. OTIR. OTDR X | Rx Yk? ‘} Beck ciput and sutput. 2 = Oi A € OC otherwise 2 ~ OL 
trees 7 : : 5 : : : A Block :raneter imstrveserns PYV = 141i BC # 0, otherwise PPV = 6. 
CPI: CPIR: CPD: CPD x H x XxX xX 1 . Block search yetions. Z = Lot A = (AL). otherwise 2 = 0. P/V = 1 
RC ¢ U. otherwise PAV = 0 
LD A.J, LDA.R PS I 0 aK TBR. ur The scstent of the wterrupt enable fhp-flop UFF} 2s copied into the P¥ lag 
BIT b, 6 x i ee, Sane a © The state ct bu t catica s 1s copied into the 7 flag 
Symbolic Symbol Operation Symbol Operation 
Notation S) Sign flag. S = 1 if the MSB of the result is }. i The flag is affected according to the result cf the 
Z Zero flag. Z = } if the result of the operation is 9. operation. 
P/V Parity or overflow flag. Parity (P) and overtlow . The flag is unchanged by the operation. 
{V) share the same flag. Logica! operations atfect 0 The tlaa is reset by the operation. 
this flag with the parity of the result while ! The flag is set by the operation. 
arithmetic operations affect this tlag with the xX The flag is a “don't care.” 
overflow of the result. If P/V hoids panty, P/V = Vv PYV flag affected according to the overflow result 
1 if the result of the operation is even, P/V = O if of the operation. 
result is odd. If P/V holds overflow, P’¥V = 1 if P P/V tlag affected according to the parity result of 
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the result of the operation produced an overflow. 
H Half-carry flag. H = 1 if the add or subtract 
operation produced a carry into er borrow from 
bit 4 of the accumulatcr. 
N Add/Subtract Hag. N = | if the previous opera 
tion was a subtract. 
H and N flags are used in conjunction with the 
decimal! adjust instruction (DAA) to properly cor- 
rect the result into packed BCD tormat following 
addition or subtraction using operands with 
packed BCD format. 
ee Carry/Link flag. C = | it the operation produced 
a carry from the MSB of the operand er result. 


H&N 


4 


the operation. 

Any one of the CPU registers A, B, C.D, E, H, L. 
Any 8-bit location for all the addreasing modes 
allowed for the particular instruction. 

Any 16-bit location for all the addressing modes 
allowed for that instruction. 

Any one of the two index registers [X or TY. 
Refresh counter, 

8-bit value in range < 0, 255 >. 

16-bit value in range < 0, 65535 >. 
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Pin 
Descriptions 


Ag-Aj5. Address Bus (output, active High, 
3-state). Ag-Ajs form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes} and for 
VO device exchanges. 


BUSACEK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the CPU address bus, 
data bus, and contro! signals MREQ, IORO, 
RD, and WR have entered their high- 
impedance states. The external circuitry 
can now control these lines. 


BUSREQ. Bus Request (input, active Low). 
Bus Request has a higher priority than NMI 


rent machine ne BUSREO forces the CPU 
address bus, data bus, and control signals 
MREQ, [ORQ, RD, and WE to go to a high- 
impedance state sc that other devices can 
contro! these lines. BUSREQ is normally wire- 


periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 


Do-Dy. Data Bus (input/output, active High, 
3-state). Dg-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 


HALT. Hat State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non- 
maskable or a maskable interrupt (with the 
mask enabled) before operation can resume. 
While haited, the CPU executes NOPs to 
maintain memory refresh. 


INT. Interrupt Request (input, active Low). 
Interrupt Request is generated by I/O devices. 
The CPU honors a request at the end of the 
current instruction if the internal software- 
controlled interrupt enable flip-flop (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 


TORQ. Input/Output Request (output, active 
Low, 3-state). JORO indicates that the lower 
half of the address bus holds a valid /O 
address for an I/O read or write operation. _ 
IORQ is also generated concurrently with Mi 
during an interrupt acknowledge cycle to indi- 
cate that an interrupt response vector can he 


placed on the data bus. 


Ml. Machine Cycle One (output, active Low). 
M1, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycle of an instruction execution. M1, together 
with IORG, indicates an interrupt acknowledge 
cycle. 


MREQ. Memory Request (output, active 

Low, 3-state). MREO indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 


NMI. Non-Moskable Interrupt (input, active 
Low). NMI has a higher priority than INT. NMI 
is always recognized at the end of the current 
instruction, independent of the 

status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location 0066H. 


RD. Memory Read (output, active Low, 
3-state). RD indicates that the CPU wants to 
read data from memory or an 1/O device. The 
addressed I/O device or memory should use 
this signal to gate data onto the CPU data bus. 


RESET. Aeset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode 0. During reset time, the address and 
data bus go to a high-impedance state, and all 
contro] output signals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 


RFSH. Refresh (output, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 
used as a refresh address to the system's 
dynamic memories. 


WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem- 
ory or I/O devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal is active. Extended 
WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 


WR. Memory Write (output, active Low, 


3-state). WR indicates that the CPU data bus 
holds valid data to be stored at the addressed 
memory or I/O location. 
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CPU Timing 


The Z80 CPU executes instructions by pro- 
ceeding through a specific sequence of opera- 
tions: ‘ 


@ Memory read or write 
@ 1/O device read or write 


@ Interrupt acknowledge 
Instruction Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) ; 
the address bus at the start of the cycle {Figure 
5). Approximately one-half clock cycle later, 


MREOQ goes active. The falling edge of MRFO 

can be used directly as a Chip Enable to dyne- 
mic memories. When achve, RD inaicates that 
the memory data can be enabled ont: the (PU 


1 


NOTE: Ty-Wait cycle added when necessary lor sinew anculery dewcons 


VALID DATA A 


ihe basic clock period is referred ta as a 
T time or cycle, and three or more T cycles 
make up a machine cycle (M1, M2 or M3 for 
instance}. Machine cycles can be extended 
either by the CPU automatically inserting one 
or mare Wait states or hy the insertion of one 
or more Wari states by the user. 


data bus. nee 

The CPU sampies the WAIT input with the 
rising edge of clock state TS. During clock 
states T3 and T4 of an M1! cycle dynamic RAM 
refresh can occur while the CPU starts 
decoding and executing the instruction. When 
the Ketresn Control signal becomes actve, 
refreshing of Gynamic meaory can take place 


Figure 5. Instruction Opcode Fetch 


SS ES ye shes S/S Ir yi in SS 
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CPU Memory Read or Write Cycles. Figure 6 bus is stable, so that it can be used directly as 


Timing shows the timing of memory read or write a Chip Enable for dynamic memories. The WR 

(Continued) cycles other than an opcode fetch (Ml) cycle. line is active when the data bus is stable, so 
The MREO© and RD signals function exactly as that it can be used directly as an R/W pulse to 
in the fetch cycle. In a memory write cycle, most semiconductor memories. 


MREQ also becomes active when the address 


CLOCK 


Ao-Ats 


VALID ADDAESS 


“REG 


READ 
OPERATION 


Do-Or 


WRITE pe— (33 nt 29 
OPERATION @ 
Do-B7 


Figure 8. Memory Read or Write Cycles 


DATA Our 
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CPU Input or Output Cycles. Figure 7 shows the inserts a single Wait state (Ty). This extra Wait’ 
Timing timing for an I/O read or L’/O write operation. state allows sufficient time for an I/O port to 
(Continued) During I/O operations, the CPU automatically decode the address and the port address lines. 


CcCLocK 


| ie. | 
i 1 | est Hh fe 
H | Ho 
Ses calc aal| | es | 
i beg 38) : | ea ~ re lig) \ ! 


Hi death 
- i : 
he| Ihe | : 


j \ | eee 
j i t t 
ae Dae a Ne se aS 
to ; : ? 
AEAD came] CaS i 
OPERATION ¥ mi 
j mee 2 
i mt ae hOW 
Pee t i 
v0 jel 
WRITE pee ot fw 
OPERATION : 
Bo-B7 DATA OUT 
ptr, 


NOTE: Ty* = One Wait cye.e automancaliy inserted oy CPU 


Figure 7. Input or Output Cycles 


Interrupt Request/Acknowledge Cycle. The During this M1 cycle, IORQ becomes active 


CPU samples the interrupt signal with the ris- (instead of MREQ) to indicate that the inter- 
ing edge of the last clock cycle at the end of rupting device can place an §-bit vector on the 
any instruction (Figure 8). When an interrupt data bus. The CPU automatically adds two 

is accepted, a special M1 cycle is generated. Wait states to this cycle. 


NOTE: 1!) Ty = Last state of previous instruction. 2) Two Wait cycies automaticaily inserted by CPU(*). 


Figure 8. Interrupt Hequest/Acknowledge Cycle 
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CPU Non-Maskable Interrupt Request Cycle. that of a normal memory read operation except 


Timing NMI is sampled at the same time as the that data put on the bus by the memory is 
(Continued) maskable interrupt input INT but has higher ignored. The CPU instead executes a restart 
priority and cannot be disabled under software (RST) cperation and jumps to the NMI service 
control. The subsequent timing is similar to routine located at address OO66H (Figure 9). 
Ieee em LAST MW CYCLE - |e - remanence Ty = - >| 


LAST T TIME 


* Although NMI is an asynenroncus input, 1a guarantee us beng must Gecur mu jater than the rising edge ot the clock cycle 
recognized on the following machine cycie, NMJ's fading edge preceding TL psy. 


Figure 9. Non-Maskable Interrupt Request Operation 


Bus Request/Acknowledge Cycle. The CPU lines to a high-impedance state with the rising 
samples BUSREQ with the rising edge of the edge of the next clock pulse. At that time, any 
last clock period of any machine cycle (Figure external device can take control of these lines, 
10). If BUSREO is active, the CPU sets its usually to transfer data between memory and 


address, data, and MREO, IORQ, RD, and WR I/O devices. 


ine i> | hype! io, : j 


adams \ { \ Maen ae) ca GS SS) as 


am| eral a 


see aig +) 
| 


t FLOAT 
Bo Ass i i 
I 


=| ome L435 Sa a ln 


FLOAY = 
4, | 
pare eva el petal 
sez 5 ) 
Fyoar 
Rb,WA 
Tora, ; 


WALT UNCHANGED 


i 
NOTE: Ty = Last state of any M cycle. : Ty = An arbitrary clock cycle used by requesting device. 


Figure 10. Bus Request/Acknowledge Cycle 
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CPU Halt Acknowledge Cycle. When the CPU received. When in the Halt state, the HALT 


Timing receives a HALT instruction, it executes NOP output is active and remains so until an inter- 
(Continued) states until either an INT or NMI input is rupt is processed (Figure 11). 
= anaes ae a age, a ed es 


CLOCK 


WALT 
Halt Inavuciion 
Recalyor i) * 
wei 
NOTE: INT will also force a Halt exit. “See note, Figure 9. 
Figure 1]. Halt Acknowledge Cycle 
Reset Cycle. RESET must be active for at least inactive, two internal T cycles are consumed 
three clock cycles for the CPU to properly before the CPU resumes norma! processing 
accept it. As long as RESET remains active, the operation. RESET clears the PC register, so the 
address and data buses float, and the control first opcode fetch will be to location 0000 
outputs are inactive. Once RESET goes (Figure 12) 


CLOCK 


aesey 


a " 
4 FLOAT 
Ao-Ais H 
ar 


Figure 12. Reset Cycle 
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AC 
Charac- 
teristics 


z80 CPU 
Min Max 
Number Symbol Parameter (ns} {ns} 
1 ToC Clock Cycle Time 400" 
2  TwCh Clock Pulse Width (High) 180° 
3. TwCl Clock Pulse Width (Low) 180 2000 
4 TIC Clock Fall Time — 30 
§ — TrC ——-——-—- Clock Rise Time 30 
6 TdCr{ A) Clock f to Address Valid Delay _ 145 
7 TdA(MREQf) Address Valid to MREO 125" 
1 Delay 
8  TdChKMREOf Clock | to MREO | Delay — 100 
9  TdCr{MREQr) Clock t to MREQ t Delay a 100 
10 — TwMREQh MREO Pulse Width (High) 170" 
il TwMREQ! MREO Pulse Width (Low) 360" — 
12. TdCtMREQr} Clock ! to MREG 1 Delay = 100 
13. TdCf(RDf) Clock | to RD | Delay — 130 
14 TdCr(RDr) Clock | to RD ft Delay -- 100 
15 —TsD(Cr) Data Setup Time to Clock } 50 
16 ThD(RDr) Data Hold Time to RD t — ‘) 
1? TsWAIT(CH) WAIT Setup Time to Clock | 70 — 
18 ThWAIT(Ch) WAIT Hold Time after Clock | o 0 
19 TdCr(M1f) Clock | to MI } Delay — 130 
20 -— TdCr(MIr) Clock t to MI I Delay 130 
21 TdCr(RFSHf) Clock t to RFSH | Delay — 180 
22  TdCr(RFSHr) Clock t to RFSH ! Delay _ 150 
23. TdCt(RDr) Clock | to RD ft Delay _ 110 
24  TdCr(RDf) Clock 1 to RD | Delay — 100 
25 — TsD(C4) Data Setup to Clock !} during 60 
Mz, M3, My or Ms Cycles 
26 TdAVOROE) Address Stable prior to IORO | 320° — 
27 =TdCriIORQf) Clock | to JORO | Delay _ 90 
28 = TdCHIORQr) - Clock | to TORO | Delay — 110 
29 TdD(WRI) Data Stable prior to WR | 190° — 
30 ~~ TdCH WRf) —-— Clock i to WR i Delay 90 
31  TwWR WR Pulse Width 360" — 
32. TdCf WRr) Clock | to WR ! Delay — 106 
33 =TdD(WRi) Data Stable prior to WR | 20* — 
34 TdCr(WRf) Clock | to WR | Delay _ 80 
35 — TdWRr(D} Data Stable from WR t 120* 
36 TdChHALT) Clock | to HALT 1 or | _ 300 
37. TwNMI NMI Pulse Width 800 — 
38 TsBUSREQ(Cr) BUSREO Setup Time to Clock f 80 = 


*For clock periods other than the minimums shown in the table, 
calculate parameters using the expressions in the table on the 
following page. 


ZS0A CPU 
Min Max 
{ns} (ns) 
250° 
110° 
110 2000 

_— 30 

30 

—_ 110 

6s" 

— 85 

ae 85 

110° 

220" 

_ 85 - 

_— 95 

— 85 

35 
— 0 
70 -- 
— 0 
— 100 
100 
—_ 130 
— 120 
_ 85 
_ 85 
50 

180*  — 

— 75 

— 85 

go" 
80 

220", — 

—_ 80 

-10*° — 

_ 65 

60* 

—_ 300 
80 
50 — 


Z80B CPU 
Min Max 
{ns} (ns) 
165* 

65° 

65 2000 

~ 20 

20 

— 90 

3° 

— 70 

_ 70 

66° -————— 

135* 

— 70 

— 80 

_— 70 

30 
~ 0 
60 _ 
-— 0 
— 80 
80 

— 110 

~ 100 

_ 70 

—_ 70 

40 -—--— 

110" — 

— 65 

_ 70 

2° 
70 

135* — 

— 70 

55" 

a 60 

30” 
— 260 
7000 
50 one 
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AC Z80 CPU Z80A CPU Z80B CPU 


Charac- Min Mox Min Max Min Max 
teristics Number Symbol Parameter {ns} {ns} (ns) (ns) (na) (ns} 
(Continued) 39. ThBUSREQ(Cr) BUSREG Hold Time after Clock 1 0 Be oe © 
40 —— TdCr(BUSACKD) ~Clock | fo BUSACK t Delay ——————— 120 ———»_ — 100. ——. 90 
41 TACH(BUSACKr Clock } to BUSACK 1 Delay 119 100 : 30 
42 TdCr(Dz) Clock 1 te Data Float Delay ve 90 we 90 -- 80 
43, TdCr(CTz) Clock 1 ie Contrel Outputs Float 110 — 80 _ 70 
Delay (MREO, IORQ, RD, 
and WR} 
44 TdCr{Az) Clock | to Address Float Delay 119 _ 90 - 80 
45 -~— TdCTrA) Address Stable aiter MREO t.—— 160° ———- 80*’ ——_--— 38 
TORO 1, RD 1, and WR | 
46 TsRESET(Cr) RESET to Clock 1 Setup Time 90 -- 60 _ 60 - 
47 ThRESET(Cr) RESET to Clock 1 Held Time = 0 -— 0 - 0 
48 TsINTI(Cr) INT te Clock 1 Setup Time 80 - 10) ~ 70 
49 ThHINTr(Cr} INT to Clock | Hold Time oe 6 cis ) os ) 
50 —~ TdM if (TORQ) — M} | to JORG | Delay ————- 920* >. 565 * — 365" 
5) TaACHIOROH Chock | to JORG | Delay 110 coe 85 -- 70 
52 TaC{TOROr) Clack 1 ta IORO | Detay = 100 85 cs 70 
53. TdCHD) Clock i to Data Vabd Delay 230 ~ 150 — 130 


+E 
Halewiale param S 
vaiues above assumed Tri, PHS = 20 re 


idee per 


Footnotes to AC Characteristics 


Number Symbol za0 280K 7808 

1 Tc TwOk + TwCi + Tro + THC TwCh # TwOl + Trl +TiC | TwCh + TwC) + TrC + TiC 

2 TwCh Although static by design Although stahe by design, Although static by design, 
TwCh of qreater dian 200 ps TwCh of greater thar, 206 ps TwCh ct greater than 200 ys 
is not quaranteed in sat Quaranteed is not quaranteed 

7 —— TdA(MREOH) — TwCh + Th - 28 me Tw Oh + TIC - 65 TwCh + TIC - $0 

10 TwMREGh TwOh + TH? - 30 Twilh + TIO - 2U TwCh + TIC - 20 

il TwMREQ! Te - 46 Te - 30 ToC ~- 30 

26 TdAUORO!H Tet - 8b TcC - 70 TeG = $5 

29 TdD(WRi) Te - 216 Tel - 170 To = 14G 

31 ——- TwWR Tek = Ae er Tall BD rere ToC = 30 

33 TdD(w Ff Twi + Tr - 180 Two] + TrC - 146 TwOi + Tro ~ 140 

35 TdWRr(D} TwCi + Tr ~ 86 TwOl + TrC - 7u TwO) + TrC - 55 

4s TdCTs(Ai TwOl + Tr - 46 TwCl + TrC - 56 TwC! + TrC - 80 


50 TAM IKIORCH 2TcC + TwCh + TIC - 80 2teC + TwCh + TiC ~ 68 2TeC + TwCh + TIC - 50 


AC Test Conditicns: Voy = 20 ¥ 
Vinx = 2.0 V Vor + Gay 
Vir = O.BV FLOAT = sui¥ 


Vince = Veco -0.6V 
Ving = O45 ¥ 
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Absolute Storage Temperature -65°C to +150°C Stresses greater than those listed under Absolute Maxi- 
Maximum Temperature mum Ratings may cause permanent damage to the device, 
Rati der B Ss fied ti This 18 a stress rating only; operation of the device at any 
atings UNOer- DAs <4: oe eS PeciMecopersilnag range, condition above those indicated in the operational sections 
Voltages on all inputs and of these specifications is not implied. Exposure to absolute 
outputs with respect to ground .-0.3 Vto +7 V maximum rating conditions for extended periods may affect 
Power Dissipation ........... 15 W device reliability. 
Standard The characteristics below apply for the All ac parameters assume a load capacitance 
Test following standard test conditions, unless of 50 pF. Add 10 ns delay for each 50 pF 
Conditions otherwise noted. All voltages are referenced to increase in load up to a maximum of 200 pF 
GND (0 V). Positive current flows into the for the data bus and 100 pF for address and 
referenced pin. Available operating control lines. 
temperature ranges are: cat 
mw O°C to +70°C, 
+4.75 V = Von S +5.25V el 
m -40°C to +85°C, “UNDER TEST 
+4.75V 6 Voce 5 +5.25V 
m -55°C to +125°C, 50 pF 10K 
+4.5V © Voo s +5.5V i 
pe Symbol Parameter Min Mox Unit Test Condition 
Character- : 
istics Vine Clock Input Low Voitage -0.3 0.45 V 
Vine Cleck Input High Voltage Voo.6 Veo+.3 V 
Vit Input Low Voltage 0,3 0.8 Vv 
Vig Input High Voltage 2.0 Voc Vv 
Voi Output Low Voltage 0.4 v lol = 1.8 mA 
Vou Output High Voltage 2.4 Vv Toy = -250 pA 
lee: Power Supply Current 
Z80 150: mA 
Z80A 2007 mA 
, 280B 200 mA 
I Input Leakage Current 10 BA Vin = Oto Veco 
ILeak 3-State Output Leakege Current in Float -10 10° uA Vout = 0.4 to Vee 
i. For military grade parts, igs is 200 mA 3. Ajs-Ag, D7-Dg, MBEQ, {ORG, RD, and WR. 
2. Typucal rate for Z8GA is 90 mA 
Capacitance Symbol Parameter Min Max Unit Note 
CoLack Clock Capacitance 35 pF 
. Unmeasured pins 
Cn Input Capacitance 3 pF nahurned to-qraund 
Cout Output Capacitance 10 pF 
Ta = 25°C. 1 = | MHz . 


8085-0221 


Add 082 


Ordering Product Package/ Product Package/ & 


Information Number Temp Speed Description Number Temp Speed Description 
28400 CE 2.5 MHz 280 CPU (40-pin) Z8400A DE 4.0 MHz Z80A CPU (40-pin) 
28400 CM 2.5 MHz Same as above Z8400A DS 4.0 MHz Same as above 
Z8400 CMB 2.5 MHz Same as ahove 7B40GA PE 4.0 MHz Same as above 
78400 cs 2.5 MHz Same as above Z8400A PS 4.0 MHz Same as above 
Z8400 DE 2.5 MHz Same as above 284008 CE 6.0 MHz Z80B CPU (40-pin) 
28400 DS 2.5 MH2 Same as above 28400B CM 6.0 MHz Same as above 
28400 PE 2.5 MHz Same as above 278400B CMB 6.06 MHz Same as above 
28400 PS 2.5 MHz Same as above 284008 cs 6.0 MHz Same as above 
Z8400A CE 4.0 MHz Z8O0A CPU (40-nin} 784008 DE 6.0 MHz Same as above 
784004 CM 4.0 MHz Same as above Z8400B DS 6.0 MHz Same as above 
28400A CMB 4.0 MHz Same as above 28400B PE 6.0 MHz Same as above 
284004 CS 4.0 MHz Same as above 78400B PS 6.0 MHz Same as above 
NOTES: © = Ceram. D = Cerdip. Po. Plasto B= G07 Ce BEM BR8C te LSC MB 888 re oe UEC with 


MIL-STD-883 Ciass B processing. 80 to 8 for€ 
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2,0 64K DYNAMIC MEMORY BOARD 


GENERAL INFORMATION 


The Nabu Memory Board ADM-1000, uses industry Standard 4116 
dynamic random-access memories (RAM's); which provide low cost 
and low power consumption. Reliability of the board is enhanced 
by the Low support-IC count, and the use of a precision delay 
line for critical timing. 


Address lines and data lines are fully buftered by line 
drivers/receivers with hysteresis at the inputs to improve noise 
immunity. The memory board ofters a full 64K bytes of read/write 
memory; however only 62K bytes are available to the user in the 
Nabu 1100 System, since 2K bytes are allocated to the disk 
bootstrap program in ROM. A signal called PHANTOM from the S-100 
bus, can be utilized to allow user ROM to overlay the RAM. 


In the Nabu 1100 System, the access time of the memory chips 
is 150 nanoseconds (ns), permitting operation at 4 MHz, with no 
wait states added. The use of slower memory chips is not 
recommended. Memory refresh is done automatically by the 2-80A 
CPU after each instruction fetch. This mode of refresh is 
totally transparent to the programmer and does not Slow down the 
CPU operation. 


SPECIFIC FEATURES 


Memory Organization 


The 4116 RAM chip has a 16K x 1 organization, with eight 
chips connected in parallel to forma 16K byte memory bank, Four 
memory banks are implemented on the memory board, 


The jumper options on the left side of the board are used 
for selecting memory banks. Each bank can be enabled or disabled, 


by installing or removing each corresponding jumper. In this way, 
up to 64K bytes of memory space can be cbtained. 


The jumpers are numbered as follows: 


Jumper Bank # RAM IC's Needed Address Space 


JP=1s iL RAM 1 -~ RAM 8, OOOOH - 3FFFH 
JP=2: 2 RAM 9 — RAM 16, 40U0H -— 7FFFH 
JP-3: 3 RAM 17 - RAM 24, 8000H - BFFFH 
JP-4: 4 RAM 25 ~ RAM 32, COOUH ~ FFFFH 


Each bank is enabled by installing the appropriate jumper. 


Memory Refresh 


As mentioned, the memory refresh is done automatically by 
the Z-80A CPU through the S-100 bus. The CPU contains a 7~-bit 
memory refresh counter, which is incremented automatically after 
each instruction fetch. The data in the counter is sent out on 
the lower portion of the address bus along with two refresh 
control signals, RFSH {pin 66) and MREO (pin 65); while the CPU 
is decoding and executing the fetched instruction. This refresh 
operation must be performed at least every two milliseconds in 
order to retain data. 


An interrupt request/acknowledge cycle in the system does 
not affect—-the memory refresh operation, since only two wait 
re added to this cycle for identitying the interrupting 


I/O device. However, a bus request/acknowledge cycle used in 
Direct Memory Access (DMA), for instance, can cause a memory 


refresh problem if very long DMA cycles are used. Therefore, the 
DMA controller must perform the necessary refresh function, 


A user supplied S-100 bus compatible board which uses wait 
states can also be used in the Nabu 1100 System, providing the 
wait states added do not exceed the 2 ms limit. However, caution 
should be used in adding boards with wait states, unless the 
number and frequency of wait states is strictly controlled. 


Data Buffers and PHANTOM 


All data-~-in and data-out lines of the memory chips are 
buffered by U9 and U14. The data-in lines are always enabled and 
the data-out lines are controlled by U5, whose four inputs are 
conditioned by PDBIN, SMEMR, MREQ, PHANTOM, and by two high 
address bits {A15 and Al4). Reading of the RAM contents is not 
allowed when U5 is disabled: however writing into the RAM is 
still permissible, 


PHANTOM is normally pulled high through a resistor. This 
line is primarily used for system bootstrapping by overlaying the 
RAM with ROM (not used in the Nabu 1100 System). This is done by 
pulling PHANTOM low at system start-up, copying the ROM contents 
into the RAM which occupies the same address, and executing the 
bootstrap program from the RAM after pulling PHANTOM high. In 
this way, a full 64K bytes of read/write memory is obtained. 


NABU ADM~1000 64K DYNAMIC MEMORY BOARD 
PARTS LIST 


Ul 74L875 Quadruple latch 
U2 74L842 4-line-to-l0-line decoder 
U3, U4 74LS00 Quadruple 2-input NAND 
U5 74LS20 Dual 4-input NAND 
U6 74LS132 Quadruple 2-input NAND witn Schmitt- 
triggered inputs 
U7, U8 745157 Quadruple 2-line-to-l-line Schottky 
multiplexer 
U9, Ul4 74LS8241 Octal buffer/line-driver witn 3-state 
outputs 
U10-U13 74LS14 Hex inverter with Schmitt-triggered 
inputs 
u1l5 STTLDM-355 TTL-compatible logic-delay module 
U16 7805 5 V positive voltage regulator 
U1? 7812 12 V positive voltage regulator 
RAM1-RAM32 4116 16384—-bit dynamic RAM (150 ns) 
Diodes: 
Dl 1N4733A 5.1V, 1.0 W, 5 %* zener diode 
Capacitors: 
ci-c4, C13 10 wF, 25 V tantalum electrolytic 
C5-C12, C14-C59 0.1 uF 
Resistors; 
Rl 680/., 0.5 W, 10% 
RN1,RN2 5~resistor pack of 334. resistors 
RN3 5~resistor pack of 3.3 kf.resistors 
with common pin #1 
: bit ped 
36 16 pin IC socket 
9 14 pin IC socket 
2 20 pin IC socket 
2 6-32 x 3/8" machine screw 
2 #6-32 nuts 
2 Delta 291-0.36-AB-H 
iL p.c. board 
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OHMS. 
‘2 ALL CAPACITOR VALUES ARE RN1,RN2 33 

iN pt. ; aN3 33K 
“3 EACH 10'S SUPPLY RI 680 $7108 °BUS 

CONNECTIONS ARE NOT SHOWN, 6 SEE TABLE FoR RESISTORS [Cyrenten3 ar 

AND CAPACITORS VALUES. : 
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FIGURE 4; SCHEMATIC DIAGRAM OF DYNAMIC MEMORY BOARD 
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NEC Microcomputers, Inc. 


DESCRIPTION 


FEATURES 


PIN CONFIGURATION 


NEC 


pL PD416 

A PD416-1 
ft PD416-2 
# PD416-3 
#2 PD416-5 


16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 


The NEC uPD416 is a 16384 wards by 1 bit Dynamic MOS RAM. It is designed for 
memory applications where very low cost and large bit storage are important design 
abjectives. 


The uPD416 is fabricated using a double-poly-layer N channel silicon gate process 
which affords high storage cell density and high performance. The use of dynamic 
circuitry throughout, including the sense amplifiers, assures minirnal power dissipation. 


Multiplexed address inputs permit the uPD416 to be packaged in the standard 16 pin 
dual-in-line package. The 16 pin package provides the highest system bit densities and 
is available in either ceramic or plastic. Noncritical clock timing requirements allow 
use of the multiplexing technique while maintaining high performance. 


e 16384 Words x 1 Bit Organization 
e High Memory Density — 16 Pin Ceramic and Plastic Packages 
e Multiplexed Address Inputs 
e Standard Power Supplies +12V, -5V, +5V 
« Low Power Dissipation; 462 mW Active (MAX}, 40 mW Standby (MAX) 
e Qutput Data Controlled by CAS and Unlatched at End of Cycle 
e Read-Modity-Write, RAS-only Refresh, and Page Mode Capability 
e Aft Inputs TTL Compatible, and Low Capacitance 
e 128 Refresh Cycles 
5 Performance Ranges: 


uPD416 
uPD416-] 


uPD416-2 
uPD416-3 
uPD416-5 


Vss_- 
es 4 
ak ae Ag: Ag Address Inputs 
CAS =— —_——---—{ 
. CAS Cotumn Address Strobe 
Bout Din Data in 
be Bout | DataOur 
6 RAS Row Address Strobe 
A3 WRITE | Read/Write 
Aa Vea Power (- SV} 7 | 
Vcc Power (+5V) 
As Vop Power (+12¥V) 
Vv G 
Vee ss |_§ round ] 


Rev/? 


pPD416 


BLOCK 
DIAGRAM 


now 
oO ADOR 
QUFFER 


con vce 
ADDR 


BUFFEA 


a HO BUS 
Sout 
an 
SELL MATAIL vgs, 
1m. Be 
° in| 
9 ¥nD 
COLUMN DECODER 
“Ra 
7 ) 


cL 
aco 
BUFF 


Ow 
ADOR R 
URE ER EA 


Operating Temperature 2... eee eee o°c to +70°C |~=AABSOLUTE MAXIMUM 
Storage Temperature... 2.0. ee eee -55°C to +150°C + RATINGS* 

All Output Voltages... ..-------.-0000- ESSER errs Saas -0.5 to +20 Volts 

All Input Voltages @. ee -0.5 to +20 Volts 

Supply Voltages Vpp. Vcc, Vsg ©... eee -0.5 to +20 Volts 

Supply Voltages Vop, VcC@ ... 6. eee -1.0 to +15 Voits 

Short Circuit Output Current .. 0.00026. ees 50 mA 

Power Dissipation ss 5 ss .cac8e aes pin bw babes kaa ee a ee eS 1 Watt 


Notes: @ Relative to VBB 
@ Relative to Vss 


COMMENT: Stress above those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. This Is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied, Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


"Ta = 28'C 


Ta = 0°C to 70°C, Vop = +12V + 10%, Vag =-5V + 10%, Vcc = +5V + 10%, 
Vss = OV 


LIMITS TESTF 
PARAMETER SYMBOL Min] TVP | MAX UNIT CONDITIONS 
Input Capacitance c 
(Ag-Ag). DIN a 
Input Capacitance q 
AAS, CAS, WRITE 2 
Output Capacitance 
Cc 7 
(DouT) | | fetzfe || 


CAPACITANCE 


#PD416 


AC 
CHARACTERISTICS 


Ty = OC to +70°C, Vog * +12V 2 10%, Vor * +54 1 10%, Vgg = -8¥ 2 10%, Vg = OV 


©, : Se 
ranaweren | svieot Paar [wm | max [on] wax [oa | max] uwr | conperions 


: 
aie Cd 


cycle time 0 
pet 


Read-writs cycle time 


575 
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3 
; 
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| 405 | a 
Fae [a ea 
a t= {pet tt t= |= | lt os 
ee = er | tet ef e[ af~ | o | 
Give and tall} 
aiccesee er Co a 8 
i a es Sy a eG 
ne es] gag | 0 | vas [ves | caso | as [vas Es 
time 
TAS to RAS 


tCRPE 


3 
3 
fale le ls felaalel. |e] | lala 
8 
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precharge time 


Row address 
set-up Me 


Row address 
hold time 


BREA 
2) 


RAK 


Column address 
st-up Time 


Column address 
hold tums 


= 
a 


'CAH 


Column address hold 
time referenced ta taR 


RAS 


Read command 
wep ume 


Read command 
hold time 


'RCS 


tRCH 


Write command 


hold time WCH 


~ 
ry 


Write command 
hold time tweR 90 
reteranced to RAS 


2 
a 


Write command 
pulse width 


Write command ta 


~ 
on 


RAS tead time 'RWL 
Write commend to 
CAS lead time tCwL 120 


Osta-in set-wp time 


a 
ee Lith 


Oata-in hold time 


| 


2 
° 


Oata-in hold time 


oT ig 


raterenced to RAS 'DHR a 

CAS precharge time 

Ifor page mode top 120 

cycle only! 

Retresn period | ter || aS here ae 8 ee oe aes 
WRITE command t 

set-up time 'WCS 


RAS to WRITE 
delay | samo | 2 | ag 


Notes: @ AC measurements assume ty = 5 ns. 
@ Vinc tmin) or Viy4 {min} and Vy, tax} are reference levels foc measuring ting of input signals. Also, transition times are measured between Vine or ¥tH and Va, 


@ The specifications tor tr (min) and <Rwe Imin) are used only to indicate cycie time at which proper operation over the full temperature range (0°C < Ty « 70°C} 
i$ assured, 


@ Assumes that tacp © tracp Umaxt. if tracy is greater than the maximum recommended vaiue shown in this table, tRAC will increase by the amount that (acp 
exceeds the values shown. 


© Assumes that IRCD * tReD imeat. 
@© Measured with a load equivalent 10 2 TTL Igads and 100 pF. 
@ tORF tmaxi defines the time at which the output achieves the open circuit condition and is not refetenced to cutput voltage levels. 
Operation within the (acy {evax) limit ensures thet trac [max] can be met. taco imax) is specified as a reference point only, if trop it greater than the specified 
TACO imax) limit, then access time is controtied exclusively bY TCAC 
8 These parameters are referenced to CAS leading edge in early write cycles and 1c WRITE teading edge in delayed write or réad-modify-write cycles. 
IWCS. TCWD 29 tryp are nol restrictive operating parameters. They are included in the data theet as electricat characteristics only. if twos > twos {min}, the cycle 


11. an early write Cycle and the data ot pin will remain open circuit (high impedancel > TRWD (min), the cycte is a read-write cycle and the data out will contain date 
read trom the selected cell; if neither of the above rets of conditions is satisfied the condition of the data out {at access time! 15 indeterminate. 
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CAS to WRITE ; 
Geiay oO 


DC CHARACTERISTICS 


pPD416 


Ta = 0°C to +70°C (1), Vp = +12V £ 10%, Vcc = +5V + 10%, Vgg = -5V * 10%, Vgg = OV 


PARAMETER SYMBOL 


Supply Volrage Vpo 10.8 
Voc 
§ 


Vv 


Supply Voltage 


Input High (Logic 1} 
Voitage, RAS, CAS, 
WRITE 


tnput High {Logic 1) 
Voltage, all inputs 
except RAS, CAS 
WRITE 


Input Low (Logic 0} 
Voltage, alt inputs 


RAS, CAS cycling; 
tAc = tac Min. @ 
RAS = Winc. Dout 
= High Impedance 


Operating Vpp Current 


Standby Vopp Current 


Refresh{All Speeds 
except uPD416-5 


uPD4t6-5 


RAS cycling, CAS = 
Vic: tac = 375 ns @) 


RAS = Vi7_, CAS 
cycling; tpc = 


225 ns @) 


RAS, CAS cycling; 
tac = 375 ns G) 
RAS = Vinc. 
Dour = High 
Impedance 
RAS cycting, 
TAS - ViHC. 
trac: 375 ns 
RAS - Vit. CAS 
cycling. tp 

225 ns) 

RAS, CAS cycling: 
tac 375ns 
RAS = Viuc. 
uA DouT Hrgh 
Impedance 
RAS cycting, 


Page Mode Vpp 
Current 


Operating Vcc 
Current 


un | 


Page Mode Vcc 
Current 


Operating Vga 
Current 


Standby Veg 
Current 


Retresh Vag uA TAS Vine. 
Current tac = 375 ns 


RAS = V4_. CAS 
cycling; 
tpe = 225 ns 


Veg = -5V,0V < 
Vin 8 +7V, 

all othar pins not 
under test = OV 


Oout is disabled, 
ee i es Em OV < Vour < +5.5V 
Output High Voltage 2 
v Vv 1 =-SmA 
{Logic 1} | von | 2e{ | pee pied ® 
Output Low Voitage = 
¥, vv ( =42mA 
{Logic 0) pvou | [| ttf vf tours | 


Notes: (3) Ta is specified here for operation at frequencies to tac * tAc {min}. Operation at higher cycle sates with reduced 

ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met. 
See Figure 1 for derating curve. 
Ail voltages referenced to Vss. 
Qutput voltage will swing from Vgs to Voc when activated with no current loading. For purposes of maintaining 
data in standby mode. Voc may be reduced to Vs without affecting refresh operations or data retention. However, 
the Vou (min) specification is not guaranteed in this mode. 

@) tpo1. oo. and I pos depend on cycle rata. See Figures 2, 3 and 4 for ipp limite at other cycle rates. 

& !cc1 ad aga depend upon output loading. During readout of high tevel data Vcc is connected through a low 
impedance 113522 typ} to data out. At all other times Icc consists of leakage currents only. 


Page Mode Ves 
Current 


Input Leakage 
{any input) 


DERATING CURVES 


CYCLE TIME trac (ns) 


AMBIENT TEMP T, (°C) 


0 1,0 2.0 3.0 
CYCLE RATE (MHz) = 103/tag Ins} 


FIGURE 1 


Maximurn ambient temperature versus cycle 
rate for extended frequency operation. T, 
(max) for operation at cycling rates greater 
than 2,66 MHz {tryc < 375 ns) is deter- 
mined by T, (max) [°C} = 70 - 9.0 x 

{eyc!e rate [MHz] -—2.66). For u.PD416-5, 
it is Ty (rmax) [°C] = 70 - 9.0 (cycle rate 
{MHz} - 3.725). 


CYCLE TIME tr (ns) 


40 mA 


30 mA 


20 mA 


10mA 


0 1.0 2.0 3.0 4.0 


CYCLE RATE (MHz) = 109/tag Ins) 


FIGURE 3 


Maximum 'pp3 versus cycle rate for device 
operation at extended frequencies. 


MAX Ippg SUPPLY CURRENT (mA 


MAX Ipp1 SUPPLY CURRENT (mA} 


# PD416 


CYCLE TIME tac (ms} 
320 
500 400, 3751 300 250 


SPEC | spec cimit | 


50 mA 
«PD416-5 


40 mA 


30 mA 


20 mA 


10mA 


0 
0 1.0 2.0 3.0 4.0 
CYCLE RATE (MHz} = 103/tac Ins) 
FIGURE 2 


Maximum I pp4 versus cycle rate for device 
Operation at extended frequencies. 


CYCLE TIME tpg Ins) 


1000 500 400 300 250 


1.0 3.0 5.0 6.0 
CYCLE RATE (MHz) = eae {ns} 


FIGURE 4 


Maximum lp pq versus cycle rate for device 
Operation in page mode. 
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@PD416 


The 14 addregs bits required to decode 1 of 16,384 bit locations are multiplexed onto ADDRESSING 
the 7 address pins and then latched on the chip with the use of the Row Address 

Strobe (RAS), and the Column Address Strobe (CAS). The 7 bit row address is first 

applied and RAS is then brought low, After the RAS hold time has elapsed, the 7 bit 

column address is applied and CAS is brought low. Since the column address is not 

needed internally until a time of tcrp MAX after the row address, this multiplexing 

operation imposes no penalty on access time as long as CAS is applied no later than 

toro MAX. If this time is exceeded, access time will be defined from CAS instead of 


RAS. 


For a write operation, the input data is latched on the chip by the negative going DATA 1/0 
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this 

is an “early WRITE” cycle and data out will remain in the high impedance state 

throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the 

data output will contain the data in the selected cell after the access time. Data out 

will assume the high impedance state anytime that CAS goes high. 


The page mode feature allows the uPD416 to be read or written at multiple column PAGE MODE 
addresses for the same row address. This is accomplished by maintaining a low on RAS 

and strobing the new column addresses with CAS. This eliminates the setup and hold 

times for the row address resulting in faster operation. 


Refresh of the memory matrix is accomplished by performing a memory cycle ateach REFRESH 
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched, 
“RAS only” cycles can be used for simple refreshing operation. 


Either RAS and/or CAS can be decoded for chip select function. Unselected chip CHIP SELECTION 
outputs will remain in the high impedance state. 


In order to assure longcerm reliability, Vag should be applied first during power POWER SEQUENCING 
up and removed fast during power down. 


PACKAGE OUTLINE : 
uPD416C A 
ya 


0.75 MAX. 
0.03 
0.10 
0.02 

0.70 
0.051 
0.10 MIN. 
0.02 MIN. 
0.16 MAX. 
0.18 MAX. 


0.5 MIN. 
4.05 MAX. 
4.55 MAX. 


uPD416D 


MILLIMETERS 


0.81 MAX. 


17,78 0.70 


5.1 MAX, 0.20 MAX. 


Pac! 
a 


416DS-12-80-CAT 


3.0 INPUT-OUTPUT BOARD 


GENERAL INFORMATION 


The Nabu input/output board AIO-1100 provides two serial 
input/output ports, one parallel output port, and six programm- 
able 16 bit timers. The board is S-100 bus compatible and all 
data lines are buffered with line drivers to increase current 
drive capability. 


The serial ports are implemented by two 8251 programmable 
communication interfaces (PCI's), and each has separate software 
programmable baud rate selection. Line drivers and receivers are 
provided for EIA RS-232C standard signals. The parallel output 
port is a simple 8-bit, D-type latch; which can be easily 
programmed to interface with any parallel printer. 


The six programmable counters are implemented by two 8253 
programmable interval timers (PIT's). Two of the six counters 
are configured as baud rate generators for the two serial ports, 
while the remaining four counters may be used as desired by the 
user (eg. rate generators, real time clocks, etc.). 


In the Nabu 1100 System, input and output functions are done 
by polling through software interrogation loops. However, the 
I/O board is also capable of operating in an interrupt driven 
system. The board provides a selectable interrupt vector which 
allows the programmer to locate the interrupt service routine 
anywhere in memory. 


SPECIFIC FEATURES 


Serial Ports 


Full duplex RS-232C serial data communication with two 
external devices is permitted via the two programmable 
communication interfaces. The PCI features parity, overrun anda 
framing error detection. As well, there is a choice of l, 1 1/2, 
or 2 stop bits with false start bit detection, and modem control 
signals DSR, DTR, CTS, and RTS. The baud rates of the serial 
ports are software selectable and are available in a range from 
110 to 9600. 


In the Nabu 1100 System, connector J2 is assigned as the 
main console device. The associated PCI (U6) is programmed for 
the asynchronous transmit/receive mode, with one stop-bit, no 
parity, eight data bits, a 16x transmitter clock, and a baud rate 
of 9600. 


Connector Jl is assigned as the list device in the system, 
which is normally a NEC Spinwriter. The associated PCI (U3) is 
programmed the same way as U6; the only exception being the baud 
rate is 1200. By connecting the reverse channel Signal from the 
NEC printer to CTS of U3, no communication protocol is needed. 
However, if an 8251A is used in U3, a problem of repeating 
characters will occur whenever the reverse channel becomes 
active. This problem can be overcome by making use of DSR on U3 
and performing a slight modification in the operating system 
(which will not be discussed here). 


The port addresses are assigned as follows: 


Device Connector PCr Port Address 

Console ) eee Us | Status register | 62H 
‘Data register. 83H 

List tt” a. | 13 (Status cegicter aoa 
Data register 81H 


The two 26-pin header strips (Jl and J2) are connected 
through two ribbon cables to the RS~222C connectors Jocated on 
the back of the system. The connector associated with Ji is 
located above that associated with 32. 


The pins are aSSigneqd as follows: 


Jl or J2 Pin Number Pin Name Data Direction 
2 RXD Input 
TXD Output 
4 CTS Input 
5 RTS Output 
6 DTR Output 
7 GND - 
20 DSR | Input 


The pin numbers of the rear panel DB connector are the same 
as those for Jl or J2. 


Jumpers JP-1 through JP-4 (on pins 6, 5, 4, and 20 
respectively on connector J2) are normally not installed, since 
none of these modem control signals are used by the main console. 
However, in order for data transmission, the resistor Rl must be 
present to make CTS active. 


Jumpers JP~-5 through JP~8 (on pins 6, 5, 4 and 20 
respectively on connector J1) are factory installed for 
interfacing to the NEC Spinwriter. 


Parallel Ports 


One parallel output port is available from J3 to the user, 
and is normally used to interface to a parallel printer, if 
needed. It is assigned the address 8DH in the Nabu 1100 System. 
The interface cable to a Centronics parallel printer would be 
wired as follows: 


Signals J3"Pin Number Centronics Printer Pin # 
DO L rere rt erent renner nen > 2 
D1 Q ---~---------+~----- += > 3 
D2 30 -----~~~----~--~~~---- > 4 
D3 4 ------------------ +--+ > 5 
D4 §o enn > 6 
D5 § ------------- + > 7 
D6 Jo woe n nen He > 8 
DATA STROBE § -~-~------+------------ >1 
BUSY Q <---------+------------ ll 


GND 22 <---------~----------- >16 


A parallel input port is available as an option. It uses 
connector J4 and is assigned the same address as the parallel 
output port. 


Six programmable 16-bit counters are available from the two 
PIT's (U18 and U20). Two 16-bit counters from U18 are used as 
baud rate generators for the two serial ports. They are software 
programmable, and the baud rate can be selected to suit each 
user's requirements. 


The four remaining counters are not used in the Nabu 1100 
System. They are available to the user (through wirewrapping) for 
implementing a real time clock, which will be discussed in the 
next section. 


The address assignments for the timer are as follows: 


8253 PIT Counter Address Function 
0 84H 
1 85H Available to 
U20 2 86H the user 
Control register 87H 
0 88H 
1 89H Clock for List PCI 
U18 2 8AH Clock for console PCI 
Control register 8BH 
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For the timers used as baud rate generators, the following 
table relates the programmed count to the generated baud rate: 


Baud Rate Programmed Count 
110 1136H 
300 0417H 
600 0208H 
1200 0104H 
2400 0052H 
4800 0026H 
9600 0013H 
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NOTE: The PIT must be programmed for mode 3 operation with 
binary coded decimal (BCD) counter format for these values. 


Jumper Connections 


Four jumpers located near the middle of the board are used 
for setting the board address. They are set to 80H for the 
Nabu 1100 System, by installing a jumper at A?7. 


ro) o A4 
re) o A5 
fa) Oo A6 
Q<<$5--5-4—- oO A7 


NOTE: With jumper means logic one. 


The eight jumpers located in the lower right hand corner of 
the board are used to establish an interrupt capability on the 
I/O board. The top seven jumper spaces are used to set the 
interrupt vector, while the bottom space enables the interrupt. 
Interrupts are not used in the input/output scheme for the 
Nabu 1100 systen. However, the board is preset to enable 
interrupts with the interrupt vector set to 10H for future 
expansion to a multi-user system. Thus, the standard board is 
shipped with interrupt jumpers installed, as shown: 


a ai ala o A7 
0Ss5=95==S25<s- Oo A6 
a li o A5 
fe) o A4 
Cee rene o A3 
2 ee aac aaa reba o A2 
Oy a ee o Al 
OSSenee Sess SSs— o EI 


NOTES: 1) Interrupt vector setting: without jumper means logic 
one. 
2) AO is always logic zero. 
3) EI setting: with jumper means enable. 


The 24-pin wirewrap pad (located above the board base 
address setting jumpers), is used for interconnection of the 
timers. A connection for a real time clock implementation is 
shown below: 

GATES vcc GND 2 MHz OUTS CKS 


3 re) ro) re) ° 


oO 
2 oO Oo ° oO ee 
1 ro) re) ° re) — 


The equivalent block diagram is: 


Counter Counter Counter Counter 
ee | See ela beds Pn erenen eens eect 
oa I eee ee ee Aaa eae 


Counters #0 and 1 can be programmed to be a frequency 
divider so that the output of Counter #1 is a 1 Hz clock (1 
second period). Counters #2 and 3 are used to accumulate the 
count, The counter contents can then be read by the CPU to 
determine the time. 


By connecting the timer's output to the Interrupt Request 
pin of the CPU, the timer can be programmed to interrupt the CPU 
at a preset time. Detailed instructions on the configuration of 
the 8253 PIT are provided in the manufacturer's data sheets. 


NABU AIO~1100 INPUT/OUTPUT BOARD 
PARTS LIST 


, i Ci ite: 


Ul, U4 
U2, U5 
U3 


U6 

U7, Ul2 
us, U9 
u10, Ull 
U13-U16, 


U17, U26 
U18, U20 


U31-U33 
U21, U25 
U22 


U23 


U24 
U30 


U34 
U35 
U36, U37 


Capacitors: 


c2-c4, C11-Ccl4 


1488 RS232 hex driver 
1489 RS232 hex receiver 
8251 Intel programmable communication 
interface 
8251A Intel programmable communication 
interface (improved version) 
74L8244 Octal buffer/line-driver with 
3-state outputs 
74LS38 Quadruple 2-input positive-NAND 
buffer with open~-collector outputs 
74L8273 Octal D-type flip-flop 
74LS00 Quadruple 2-input NAND 
74LS04 Hex inverter 
8253 Intel programmable interval timer 
74LS367 Hex bus driver 
74LS32 Quadruple 2-input OR 
74LS136 Quad exclusive-OR with open-collector 
outputs 
74LS139 Dual 2-to-4-line decoder/demulti- 
plexer 
74LS10 Triple 3-input NAND 
74LS74 Dual D-type positive-edge-triggered 
flip-flop with preset and clear 
7812 12 V positive voltage regulator 
7912 12 V negative voltage regulator 
7805 5 V positive voltage regulator 
10 wF 35 V tantalum electrolytic 
0.1 AF 
3.3 kf 
1k 
3.3k SL 
Lk Dt 
Description 
14 pin IC socket 
16 pin IC socket 
20 pin IC socket 
28 pin IC socket 


HAA & Wee 


LD es 
delta 1-630-0.50 dual TO-220 heatsink 
4 position dip switch 

26 pin right angle pin connector 

2 pin straight pin connector 

#6-32 x 3/8" machine screw 

#6-32 nuts 
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FIGURE 6: SCHEMATIC DIAGRAM OF INPUT/OUTPUT BOARD 
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FIGURE 7: INPUT/OUTPUT BOARD OPTIONAL CIRCUIT #1 
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FIGURE 8: INPUT/OUTPUT BOARD OPTIONAL CIRCUIT #2 
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FIGURE 9: INPUT/OUTPUT BOARD POWER SUPPLY 
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[AND ICOM CORPORATION] 
TITLE: AiO110¢ INPUT/OUTPUT 
BOARD COMPONENTS LAYOUT 


intel 8251A/S2657 
PROGRAMMABLE COMMUNICATION INTERFACE 


a Synchronous and Asynchronous a Asynchronous Baud Rate — DC tc 
Operation 19.2K Baud 


= Full Duplex, Double Buffered, Trans- 


a Synchronous 5-8 Bit Characters; mitter and Receiver 


Internal or External! Character Synchro- 
nization; Automatic Sync Insertion 2 robles oa — Parity, Overrun and 
raming 


= Asynchronous 5-8 Bit Characters; u Fully Compatible with 8080/8085 CPU 


Clock Rate—1, 16 or 64 Times Baud 


Rate; Break Character Generation; 1, a 28-Pin DIP Package 

1%, or 2 Stop Bits; False Start Bit 

Detection; Automatic Break Detect a Ail allele Outputs are TTL 
and Handling Compatible 


Ingl 5V Suppl 
= Synchronous Baud Rate— DC to64k = ™ Single + 5V Supply 


Baud a Single TTL Clock 


The tntel® 8251A is the enhanced version of the industry standard, tntel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate 
using virtuatly any seria! data transmission technique presently in use (including IBM ‘‘bi-sync’”’). The USART accepts 
data characters from the CPU in parallel format and then converts them Into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into paraliel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the compiete status of the USART at any time. These include data 
transmission errors and contro} signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 
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Figure 1. Block Diagram Figure 2. Pin Configuration 
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FEATURES AND ENHANCEMENTS 


8251A is an advanced design of the industry stan- 
dard USART, the Intel®” 8251. The 8251A oper. 
ates with an extended range of intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time ts minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 82574. 


The 8251A incorporates al! the key features of 
the 8251 and has the following additional features 
and enhancements: 


@ 8251A has double-buffered data paths with 
separate |/O registers for control, status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 


@ In asynchronous operations, the Receiver 
detects and handles ‘‘break’’ automatically, 
relieving the CPU of this task. 


@® A refined Rx initialization prevents the 
Receiver from starting when in “break” 
State, preventing unwanted interrupts from 
a disconnected USART. 

e@ At the conclusion of a transmission, TxD 
line will always return to the marking state 
uhless SBRK is programmed. 


R44 


Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans- 
mission until! all data previously written has 
been transmitted. The logic aiso prevents 
the transmitter from turning off in the middle 
of a word. 


When External Sync Detect is programmed, 
Internal Syne Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-fiop which clears itself upon a status read. 
Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 

As long as the 8251A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 

The 8251A Status can be read at any time 
but the status update will be inhibited during 
$tatus read. 

The 8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
Margins, 

Synchronous Baud rate from DC to 64K. 


Fully compatible with tntel’s new industry 
standard, the MCS-85. 
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FUNCTIONAL DESCRIPTION 


General 


The 8251A is a Universal Synchronous/Asynchronous Re- 
ceiver/Transmitter designed specifically for the 80/85 Micro 
computer Systems. Like other [/O devices in a Microcom- 
puter System, its functional configuration is programmed 
by the system's software for maximum flexibility. The 
8251A can support virtually any serial data technique cur- 
rently in use {including IBM “‘bi-sync”’}. 


In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete of insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear “transparent” to the CPU, a simple 
input or output of byte-oriented system data. 


Data Bus Buffer 


This 3-state, bidirectional, &bit buffer is used to interface 
the 8251A to the system Data Bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
instructions of the CPU. Control words, Command words 
and Status information are also transferred through the 
Data Bus Buffer. The command status and data in, and 
data out are separate &bit registers to provide double 
buffering. 

This functional block accepts inputs from the system Con- 
trol bus and generates control signals for overall device 
operation. It contains the Controt Word Register and Com- 
mand Word Register that store the various contro} formats 
for the device functional definition. 


RESET (Reset) 

A “high” on this input forces the 8251A into an “‘Idle”’ 
mode. The device will remain at “Idle’’ until a new set of 
control words is written into the 8251A to program its 
functional definition, Minimum RESET pulse width is 
6 tcy (clock must be running). 


CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL} output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter data 
bit rates. 


WR (Write) 
A “low” on this input informs the 8251A that the CPU is 
writing data or contral words to the 8251A. 


RD (Read) 


A “low” on this input informs the 8251A that the CPU is 
reading data or status information from the B251A. 


CID {Control/Data) 

This input, in conjunction with the WR and RD inputs, 
informs the 8251A that the word on the Data Bus is either 
a data character, control word or status information. 
1=CONTROL/STATUS 0=DATA 


CS (Chip Select) 

A “low” on this input selects the 8251A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus in the float state and AD and WR will 
have no effect on the chip, 
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Figure 3. 8251A Block Diagram Showing Data 
Bus Buffer and Read/Write Logic 
Functions 
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Modem Control 

The 8251A has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. The 
Modem contro! signals are general purpose in nature and 
can be used for functions other than Modem control, if 
necessary. 
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DSR (Data Set Ready) 

The DSR input signal is a general purpose, 1-bit inverting 
input port. [ts condition can be tested by the CPU using a 
Status Read operation. The OSA input is normally used to 
test Modem conditions such as Data Set Ready. 


DTR (Data Terminal Ready) 


The OTR output signal is a general purpose, 1-bit inverting 
Output port. [t can be set “low’’ by programming the ap- 
propriate bit in the Command instruction word. The OTR 
output signal is normally used for Modem control such as 
Data Terminal Ready or Rate Select. 


ATS (Request to Send) 

The RTS output signal is a general purpose, 1-bit inverting 
gutput port. It can be set “low’’ by programming the ap- 
propriate bit in the Command Instruction word. The RTS 
output signal is normally used for Modem control such as 
Request to Send. 


CTS (Clear to Send) 


A “low” on this input enables the 8261A to transmit 
serial data if the Tx Enable bit in the Command byte is 
set to a “one.” If either a Tx Enable off or CTS off condi- 
tion occurs while the Tx is in operation, the Tx will 
transmit all the data in the USART, written prior to Tx 
Disable command before shutting down. On the 8257A/ 
$2657 if CTS off or Tx Enabte off candition occurs before 
the last character written appears in the serial bit stream, 
that character will be transmitted again upon CTS on or Tx 
Enable on condition, 


Transmitter Bufter 


The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the communica- 
tion technique) and outputs a composite serial stream of 
data on the TxD output pin on the falling edge of Tx. 
The transmitter will begin transmission upon being enabled 
if ETS = 0. The TxD line will be held in the marking 
state immediately upon a master Reset or when Tx Enable/ 
CTS off or TxEMPTY. 


Transmitter Control 


The transmitter Contral manages al] activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomolish this 
function. 


TxRDY (Transmitter Ready) 


This output signals the CPU that the transmitter is ready to 
accept a data character. The TxRDY output pin can be 
used a$ an interrupt to the system, since it is masked by 
Tx Disabled, or, for Polled operation, the CPU can check 
TxRDY using a Status Read operation. TxRDY is auto- 
matically reset by the leading edge of WR when a date 
character fs loaded from the CPU. 


Note that when using the Polled operation, the TxRDY 
status bit is mot masked by Tx Enabied, but will only 
indicate the Empty/Full Status of the Tx Data input 
Register. 


TxE (Transmitter Empty) 

When the 8251A has no characters to transmit, the Tx EMP- 
TY output will go “high”. it resets automatically upon re- 
ceiving a character from the CPU if the transmitter is 
enabled. FxEMPTY can be used to indicate the end of a 
transmission mode, so that the CPU “knows” when to “turn 
the fine around” in the half-duplexed operational made. 


in SY¥YNChronous mode, a “high” on this output indicates 
that a character has not been joaded and the SYNC charac- 
ter or characters are about to be or are being transmitted 
automatically as “fillers”. TxEMPTY does not go iow 
when the SYNC characters are being shifted out. 
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Figure 4. 6251A Block Diagram Showing Modem 
and Transmitter Buffer and Control 
Functions 


Txc (Transmitter Clock) 


The Transmitter Clock controls the rate at which the char- 
acter is to be transmitted. 'n the Synchronous transmission 
mode, the Baud Rate (tx) is equal to the TxC frequency. 
tn Asynchronous transmission mode the baud rate is a 
fraction of the actual TxC frequency. A portion of the 
mode instruction selects this factor; it can be 1, 1/16 or 
1/64 the FxC. 


For Example: 
If Baud Rate equals t10 Baud, 
TxE equals 110 Hz (1x) 
Tx€ equals 1.76 kHz (16x) 
Tx equats 7.04 kHz (64x). 


The failing edge of TxC shifts the serial data out of the 
82514. 
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Recelver Butter 


The Receiver accepts serial data, converts this serial input 
tO paraliel format, checks for bits or characters that are 
unique to the communication technique and sends an 
“assembled” character to the CPU. Serial data is input to 
RxD pin, and is clocked in on the rising edge of AxC. 


Receiver Control 


This functional block manages all! receiver-related activities 
which consist of the following features: 


The RxD initialization circuit prevents the 8251A from 
mistaking an unused input iine for an active low data 
line in the break condition”. Before starting to receive 
serial characters on the RxD line, a valid ‘°1‘’ must first 
be detected after a chip master Reset. Once this has been 
determined, a search for a valid low (Start bit} is en- 
abled. This feature is only active in the asynchronous 
mode, and is only done once for each master Reset. 


The False Start bit detection circuit prevents false starts 
due to a transient noise spike by first detecting the fatt- 
ing edge and then strobing the nominal center of the 
Start bit (RxD = low}. 


The Parity Toggle F/F and Parity Error F/F circuits are 
used for parity error detection and set the corresponding 
status bit. 


The Framing Error Flag F/F is set if the Stop bit is 
absent at the end of the data byte {asynchronous mode), 
and also sets the corresponding status bit. 


AxRADY (Receiver Ready) 


This output indicates that the 8251A contains a character 
that is ready to be input to the CPU. Rx RDY can be con- 
nected to the interrupt structure of the CPU or, for Poiled 
operation, the CPU can check the condition of RxRDY 
using a Status Read operation. 


Rx Enable off both masks and hoids RxRDY in the Reset 
Condition. For Asynchronous mode, to set RxRADY, the 
Receiver must be Enabled to sense a Start Bit and a com- 
plete character must be assembled and transferred to the 
Data Output Register. For Synchronous made, to set 
AxRDY, the Receiver must be enabled and a character 
must finish assembly and be transferred to the Data Output 
Register. 


Failure to read the received character from the Rx Data 
Output Register prior to the assembly of the next Rx Data 
character will set overrun condition error and the previous 
character will be written over and lost. if the Rx Data is 
being read by the CPU when the internal transfer is occur- 
ring, overrun error will be set and the old character will be 
lost. 


RxC (Receiver Clock) 

The Receiver Clock controls the rate at which the character 
is to be received. in Synchronous Mode, the Baud Rate {1x} 
is equal to the actual frequency of RxC. In Asynchronous 
Mode, the Baud Rate is a fraction of the actual RxC fre- 
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quency, A portion of the mode instruction selects this 
factor; 1, 1/16 or 1/64 the RxC, 


For Example: 


Baud Rate equals 300 Baud, if 
AxC equals 300 Hz (1ix} 

RxC equais 4800 Hz {16x) 
RxC equals 19.2 kHz (64x). 


Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz {1x} 

RxC equals 38.4 kHz {16x} 
RxC equals 153.6 kHz (64x). 


Data is sampled into the 8251A on the rising edge of RxC, 


NOTE: In most communications systems, the 8251A will 
be hand!ing both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates wit! be the same. Both Tx€ and RxC will re- 
quire identical frequencies for this operation and can be 
tied together and connected to a single frequency source 
(Baud Rate Generator} to simplify the interface. 


SYNDET (SYNC DetectWBRKDET (Break Detect) 


This gin is used in S¥NChronous Mode for SYNDET and 
may be used as either input or output, programmable 
through the Control Word, It is reset te output mode low 
upon RESET. When used as an output {internal Sync mode), 
the SYNDET pin will go “high” to indicate that the 8251A 
has located the SYNC character in the Receive mode. !f the 
8251A is programmed to use double Sync characters (bi- 
syne), then SYNDET will go “high” in the middie of the 
iast bit of the second Sync character. SYNDET is auto- 
matically reset upon a Status Read operation. 
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Figure 5. 8251A Block Diagram Showing 
Receiver Buffer and Control Functione 
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When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251A to start assem- 
bling data characters on the rising edge of the next RxC. 
Once in SYNC, the “high’’ input signal can be removed. 
When External SYNC Detect is programmed, the Internal 
SYNC Detect is disabled. 


BREAK DETECT (Async Mode Only) 


This output wi!l go high whenever the receiver remains low 
through two consecutive stop bit sequences {including the 
start bits, data bits, anc parity bits}. Break Detect may also 
be read as a Status bit. It is reset only upon 2 master chip 
Reset or Rx Data returning to a “one” state. 


NOTE: On the 8251A/S2667, if the RxData returns to a 
“fone” state during the last bit of the next character after 
the break, break detect will latch-up, and the device must 
be cleared by a Chip Reset, 


ADDRESS BUS 


CONTROL BUS, 


var] iow! RESET 7 
{TTL 


DATA BUS 


Figure 6. 8251A Interface to 8080 Standard 
System Bus 


DETAILED OPERATION DESCRIPTION 


General 

The complete functional definition of the 8251A is pro- 
grammed by the system’s software. A set of control words 
must be sent out by the CPU to initialize the 8251A to 
support the desired communications format. These contro! 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 
ITY, etc. in the Synchronous Mode, options are also pro- 
vided to select either internal or external character synchro- 
nization. 


Ones programmed, the 82514 is ready to perform its com- 
munication functions, The TxRDY output is raised “high” 
to signal the CPU that the 8251A is ready to receive a data 
character from the CPU. This output {TxRDY) is reset 
automatically when the CPU writes a character into the 
8251A. On the other hand, the 8251A receives serial data 
from the MODEM or 1/O device. Upon receiving an entire 
character, the RxRDY output is raised “high” to signal the 
CPU that the 8251A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 


The 8251A cannot begin transmission until the Tx Enabie 
(Transmitter Enable} bit is set in the Command Instruction 
and it has received a Clear To Send (CTS) input. The TxD 
output will be held in the marking state upon Reset. 


Programming the 8251A 

Prior to starting data transmission or reception, the 8251A 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251A and must immediately foi- 
tow a Reset operation {internal or external}. 


The control words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


Mode Instruction 


This format defines the general operational characteristics 
of the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251A by the CPU, SYNC characters or Command tn- 
structions may be inserted. 


Command Instruction 


This iurmat defines a status word that is used to contro! the 
actual operation of the 8251A. 


Both the Mode and Command Instructions must conform 
to a specified sequence for proper device operation. The 
Mode Instruction must be inserted immediately following a 
Reset operation, prior to using the 8251A for data com- 
munication. 


Alt control words written into the 8251A after the Mode In- 
struction will load the Command tnstruction. Command 
instructions can be written into the 8251A at any time in 
the data block during the operation of the 8251A. To re- 
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 


MODE INSTRUCTION 


SYNC CHARACTER } 
SYNC MODE 
? 
SYNC CHARACTER 2 OnLy’ 


COMMAND INSTRUCTION 


COMMAND INSTAUCTION 


+ DATA 
COMMAND INSTRUCTION 


The second SYNC character is skipped if MODE instruction 
has programmad the BZ51A to single character Internal SYNC 
Mode. Bath SYNC charscters are skipped if MODE instruction 
has programmed the 62514 to ASYNC mode. 


Figure 7. Typical Data Siock 
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Mode Instruction Definition 


The 8251A can be used for either Asynchronous or Syn- 
chronous data cammunication. To understand how the 
Mode Instruction defines the functional operation of the 
8251A, the designer can best view the device as two sepa- 
rate components sharing the samme package, one Asynchro- 
nous the other Synchronous. The format definition can be 
changed onty after a master chip Reset. For explanation 
purposes the two formats wilt be isolated, 


NOTE: When parity is enabted it is not considered as one of 
the data bits for the purpose of programming the word 
{ength. The actual parity bit received on the Rx Data tine 
cannot be read on the Data Bus. In the case of a pro- 
grammed character length of less than 8 bits, the feast 
significant Data Bus bits will hold the data; unused bits are 
“don’t care’ when writing data to the 8251A, and will be 
“zeros” when reading the data from the 8251A. 


Asynchronous Mode (Transmission) 


Whenever a data character is sent by the CPU the 8251A 
automatically adds a Start bit (low Javel) followed by the 
data bits {least significant bit first), and the programmed 
number of Stop bits to each character. Also, an even or 
odd Parity bit is inserted prior to the Stop bit(s), as de- 
fined by the Mode Instruction, The character is then trans- 
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 


When no Gata characters have been loaded into the 8251A 
the TxD output remains “high” (marking) unless a Break 
(continuously low) has been programmed. 


Asynchronous Mode (Receive) 


The RxD line is normatiy high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom- 
inal centar (16X or 64X mode only). if a !ow is detected 
again, it is a valid START bit, and the bit counter will 
start counting. The bit counter thus locates the center of 
the data bits, the parity bit (if it exists} and the stop bits. 
If parity error occurs, the parity error flag is set. Data and 
parity bits are sampled on the RxD pin with the rising edge 
of RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals the end 
of a character. Note that the receiver requires only one stop 
bit, regardless of the number of stop bits programmed. This 
character is then loaded into the paralle| 1/O buffer of the 
8251A. The RxRDY pin is reised to signal the CPU that a 
character is ready to be fetched. if a previous character has 
not been fetched by the CPU, the presant character replaces 
it in the [/O buffer, and the OVERRUN Error fiag is raised 
{thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors will not affect the operation of the 
8251A. 


D, % D, & DB, 0, Dy Dy 


BAUD RATE FACTOR 


eee 
6 ? 
[alts [atts | ots | mits | 
PARITY ENABLE 
T= ENABLE O= DISABLE 


EVEN PARITY GENERATION/CMECK 
TeéVEN 0~ ODD 


NUMBER OF STOP BITS 


ER RSEAER 
4 14 2 
(ONLY EFFECTS Ta; Ru NEVEA 


REQUIRES MORE THAN ONE 
STOP BIT) 


Figure 8. Mode Instruction Format, 
Asynchronous Mode 


GENERATED 
Dg Dy~--— Ox BY B251A 


TRANSMITTER OUTPUT 
PARE 
TaD wannina | esl | DATA BITS er] 


DOES NOT APPEAR 
RECEIVER INPUT Dg 0)--~~Dx ON THE DATA BUS 


STAAT PARITY stor 
a 


PROGRAMMED 
CHARACTER 
LENGTH 


TRANSMISSION FORMAT 
CPU BYTE [6-8 BITS/CHAR) 


DATA CHARACTER | 


ASSEMBLED SEAIAL DATA OUTPUT (TxO} 
RECEIVE FORMAT 
SERIAL DATA INPUT (AxD} 


START PARITY STOP 


CeY BYTE (5.8 SITS/CHAR)* 


DATA CHARACTER 


*NOTE: IF CHARACTER LENGTH IS DEFINED AS5,60R 7 
BITS THE UNUSED BITS ARE SET TO “ZERO” 


Figure 8. Asynchronous Mode 
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Synchronous Mode (Transmission) 


The TxD output is continuously high until the CPU sends 
its first character to the 8251A which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data is shifted out at the same 
rate as the TxC. 


Once transmission has started, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
provide the 82514 with a data character before the 8251A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TxEMPTY pin is raised high to signal that the 8251A is 
empty and SYNC characters are being sent out. TXEMPTY 
does not go low when the SYNC is being shifted out (see 
figure betow). The TxEMPTY pin is internally reset by a 
data character being written into the 8251A. 


AUTOMATICALLY INSERTED BY USAAT 


FALLS UPON CPU WRITING A 
TrEMPTY y CHARACTER TO THE USART 


» 


\ 


NOMINAL CENTER OF LAST BIT 


Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. {f the SYNC mode has been pro- 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Data on the 
RxD pin is then sampled in on the rising edge of RxC. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until 2 match occurs. !f the 
82514 has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNDET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 

In the external SYNC mode, synchronization is achieved by 
appiying a high level on the SYNDET pin, thus forcing the 
8251A out of the HUNT mode. The high level can be 
removed after one Rx€ cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 


Parity error and overrun error are both checked in the same 
way as in the Asynchronous Ax mode. Parity is checked 
when not in Hunt, regardless of whether the Receiver is 
enabled or not. 


The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set ail the 
used character bits in the buffer to a “one’’, thus prevent- 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 


the SYNDET F/F is reset at each Status Read, regardless ot 
whether internal or external SYNC has been programmed. 
This does not cause the 82514 to return to the HUNT 
mode, When in SYNG mode, but not in HUNT, Sync Detec- 
tion is still functional, but only occurs at the “known” 
word boundaries. Thus, if one Status Read indicates SYN- 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re- 
ceived since the previous Status Read. (If double character 
syne has been programmed, then both sync characters have 
been contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 


D, Ds Os Dy DB, 0, Dy 


2 
f 


CHARACTER LENGTH 


PARITY ENABLE 
(1 = ENABLE} 
(0 « DISABLE: 


EVEN PARITY GENERATION/CHECK 
1° EVEN 
G=o00 


jn nn EXTERNAL SYNC DETECT 
12 SYNODET 15 AN INPUT 
O= SYNDET IS AN OUTPUT 


———+# SINGLE CHARACTER SYNC 
1 © SINGLE SYNC CHARACTER 
= DOUBLE SYNC CHARACTER 


NOTE: iN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tx. 


Figure 10. Mode Instruction Format, 
Synchronous Mode 


CPU BYTES 16-6 BITS/CHAR) 


DATA CHARACTERS | 


ASSEMBLEO SERIAL DATA OUTPUT (TxD) 


S¥NC SYNC 


RECEIVE FORMAT 
SEREAL DATA INPUT (RxD) 


SYNC SYNC | 


CPU BYTES {5-8 BITS/CHAR} 


| DATA CHARACTERS | 


Figure 11. Data Format, Synchronous Mode 
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COMMAND INSTRUCTION DEFINITION 


Once the functional definition of the 825A has been pro- 
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command instruction 
controls the actual operation of the selected format. Func- 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 


Once the Mode instruction has been written into the 8251A 
and Syne characters inserted, if necessary, then all further 


"control writes” (c/D = t) will load a Command Instruc- 
tion. A Reset Operation (internal or external) wili return 
the 8251A to the Made Enstruction format. 


Dy De 0, 0, 0, 5, % Oy 


TRANSMIT ENABLE 
1 = enable 
0 = dnable 


DATA TERMINAL 
READY = 
“high” will iarce OTA 
output to zero 


RECEIVE ENABLE 
1 + enable 


SEND BREAK 
CHARACTER 
Y= forces FaD “low” 
0 > norma) operation 


ERAOR RESET 
1 = reat error flags 
PE. OF, FE 


REQUEST TO SEND 
“high” wall torce RTS 
Output to zero 


INTERNAL RESET 
“high” eeturns B2$7A to 
Mode Instruction Format 


ENTER HUNT MODE* 
1 = engbis search for Sync 
Char ecters 


* CHAS NO EFFECT 
iN ASYNC MQQE} 


Note: Error Reset must be performed whenever RxEneble 
and Enter Hunt are programmed. 


Figure 12. Command Instruction Format 


STATUS READ DEFINITION 


in data communication systems it is often necessary to 
examine the “status” of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor’s attention. The 8251A has facilities that allow 
the programmer to “read” the status of the device at any 
time during the functional operation. (The status update is 
inhibited during status read). 


Anormal “read” command is issued by the CPU with C/D=1 
to accomplish this function, 


Some of the bits in the Status Read Furmat have identical 
meanings to external output pins so that the 8251A can be 
used in a completely Polled environment or in an interrupt 
driven environment. TxRDY is an exception. 


Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 


D, D, Ds, Q Dy D; D, Da 
de eS ach 


SAME DEFINITIONS AS I/O PINS 


PARITY ERROR 
The PE Fing 19 sat whan & perity 
tecor 14 dutected, It it reset by 
the ER bit of the Command 
Instruction, PE does not sahibit 
operation of the B261A 


OVERRUN ERROR 
The OE flag it set when tha CPU 
owt nat reed charecter befors 
the next one becomes available. 

Tt is reset by the ER bit of the 
Command instruction. OF dow 
not inhibit oparation of the B261A 
however, the previoutly ovartun 
character is Jost. 


FRAMING ERROR (Async only) 
The FE flag 1s tet when a yeti 
Stop bit is not detected et the 
end of avery character. tt 4 reser 
by the ER bit of the Command 
Instruction. FE does not inhibit 
tha operation of ths 82514. 


DATA SET READY: Indecates 
that tha DSR ts at a zero level. 


TxRDY status bit has different meanings from the 
TxRDY output pin. The former is not conditioned 
by CTS and TxEN; the latter is conditioned by both 
CTS and TxEN. 

i.e. TXADY status bit = DB Buffer Empty 


TxRDY pin out = O8 Buffer Empty -(CTS=0)- 
(TKEN=1} 


Figure 13. Status Read Format 
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APPLICATIONS OF THE 8251A 


RxD }2—_-———__]_ EIA TO TTL f 
CONVERT 

wort; Lf 

== = = 


BAUD RATE CRT 
GENERATOR TERMINAL 


Figure 14. Asynchronous Serlal Interface to CRT 
Terminal, DC—9600 Baud 


5 ADDRESS BUS 


CONTROL BUS 


DATA BUS 


SYNCHRONOUS 
TEAMINAL 
OF PERIPHERAL 
DEVICE 


Figure 15. Synchronous Interface to Terminal or 
Peripheral Device 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


GENERATOR TELEPHONE 


LINE 


Figure 16. Asynchronous Interface to Telephone 
Lines 


ADDAESS BUS 


DATA BUS 


TELEPHONE 
LINE 


Figure 17. Synchronous Interface to Telephone 
Lines 
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ABSOLUTE MAXIMUM RATINGS* 


OC to 70°C 
..-B5°C to +150°C 


Ambient Temperature Under Bias... . 
Storage Temperature . . . 
Voltage On Any Pin 

With Respect to Ground............ ~O.5¥ to +7¥ 
Power Dissipation. ...-...0-.20....00-0000. 1 Watt 


D.C. CHARACTERISTICS 


“NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sectians of this speciti- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


(Ta = O°C to 70°C, Vee = 5.0V +5%, GND = OV) 


Vib Input Low Voitage 
input High Voltage 
Output Low Voltage 


Output High Voltage 
Output Float Leakage 


Power Supply Current 


lou = -400 LA 
Vout = Vec TO aaa 


CAPACITANCE (1, = 25°C. Voc = GND = OV) 


Parameter 


z=: 


Test Conditions 


Input Capacitance 


1/O Capacitance 


Unmeasured pins returned ta GND 


A.C. CHARACTERISTICS 


Bus Parameters {Note t) 
READ CYCLE 


Parameter 


Address Stable Before READ {CS, C/D} 


Address Hold Time for READ (CS, c/D} 


READ Pulse Width 
Data Delay from READ 
READ to Data Floating 


(Ty = O°C to 70°C, Voc = 5.0V +5%, GND = OV) 


[unit | Test Conditions 


ns Note 2 


ns 


8-53 


ns 3, CL = 150 pF 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


symbol [Parameter [win |_Max. | Un | _TeriGonditns 
tcy 


Ss 

[Adsress Hold Tine WATE [wo] | 
Ee a ee 
oo ee ee 


OTHER TIMINGS 


[—Symbot__| Parameter [Win | Max | Unit | Test Conditions 
1360] Notes 56 

ity | Greek High Put Wieeh SSS | tego [me | 
fig] Giock Low Pulse wisth———— oe 
Mast | Glock Rise and Fall Tima Ss? S| me 


fry Transmitter input Clock Frequency 


1x Baud Rate 


16x Baud Rate 
64x Baud Rate 
Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 
Transmitter Input Clock Pulse Delay 


1x Baud Rate tey 

16x and 64x Baud Rate tey 
Receiver input Clock Frequency 

1x Baud Rate kHz 

16x Baud Rate kHz 

64x Baud Rate kHz 


Receiver Input Clock Pulse Width 
1x Baud Rate 

16x and 64x Baud Rate 

Receiver Input Clock Pulse Delay 
1x Baud Rate 

16x and 64x Baud Rate 


trpp 


tcy 
tcy 


Internal SYNDET Delay from Rising Note 7 
Edge of Ax . 
External SYNDET Set-Up Time Before 
N 7 


TxEMPTY Deijay from Center of Last Bit Note 7 

twe Control Delay from Rising Edge of tcy Note 7 
WRITE (TxEn, OTR, RTS) 

tor Control to READ Set-Up Time (DSR, CTS} | 20, | tey | Note 7 
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A.C. CHARACTERISTICS (Continued) 
NOTES: 


1 


2 
3. 
4. 


uO 


Mw 


AC timings measured Voy = 2.0, Voy = 0.8, and with load circuit of Figure 1. 

Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

Assumes that Address is vatid before Rpl. 

This recovery time is for Mode fnitialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between Writes for 
Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 toy. 


. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, fy, or fpy =< 1/(30 toy); For 16x and 


64x Baud Rate, fry or fax = 1/{4.5 tey). 


. Reset Pulse Width = 6 tey minimum; System Clock must be running during Reset. 
. Status update can have a maximum delay of 28 clock periods trom the event affecting the status. 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) : 


A OUTPUT DELAY {ns} 


3 CAPACITANCE pF) 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUTOUTPUT 


2.0 


| S> esr roms <7 


oa 
Das 


AC TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC 1 ANOO45V FOR 
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1 
AND 0 BV FOR A LOGIC 0 


C, = 180 pF 
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WAVEFORMS 
SYSTEM CLOCK INPUT 


TRANSMITTER CLOCK AND DATA 


tT 


‘Tid! [15 MODE} 


‘ThE (1aMOOE} 


—| — tox i 


RECEIVER CLOCK AND DATA 


{Ax BAUD COUNTER STARTS HERE} 


STAAT MT / OATA BIT X OATAGIT 


fix DATA 


Rut (1x MODE} 


ORxC PERIODS 
$10x MODE) 


RxC (16 MODE} 


INT SAMPLING 
PULSE 


WRITE DATA CYCLE (CPU — USART) 


TaRDY 


Or 


DON'T CARE DON’T CARE 


DATA IN {D.B.} 


ch 


READ DATA CYCLE (CPU <— USART) 


Rutcy 


[+-t0F 


DAT& FLOAT DATA FLOAT 


DATA OUT (0.8) DATA OUT ACTIVE 


cH 
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WAVEFORMS (Continued) 


WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART) 


OTR, ATS 
(NOTE 21} 


We 


DATA IN (0.8) 


READ CONTROL OR INPUT PORT (CPU <—— USART) 


BSA. CTS 
(NOTE 221 St 


je or eR — 


TRA —| 


al 
' \+- ‘RO 


Ra 


DATA OUT 
(D.8) 


} NOTE #1: Ty, INCLUDES THE RESPONSE TIMING OF A COMTROL BYTE 


| NOTE =2- 1, INCLUDES THE EFFECT OF CTS ON THE TxENBt CIRCUITRY. 


crs 


Ta EMPTY 


Tx READY 
{STATUS BIT) 


Tx READY 
IPINE 


c0 


DATA CHAR1 DATA CHAR Z DATA CHAR C-NMene 
ATA CHARA 


START OIT 
DATA BITA 6 [hy 
STOP BIT 


EXAMPLE FORMAT = 7 GIT CHARACTER WITH PARITY & 2 STOP BITS. 
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WAVEFORMS (Continued) 


RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE} 


enone 
Seatus ei. 
OvEm ate FAROE 17 
aia 
{pa = — 
a a 


— 


OOOO 0G DOO 
Daracwant «BAIACHART == DATACHA 


AWACTER HTM PARITY & 23TOR BETS, 


TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 


cs 


Th EMPTY 

Tw RtaDy 

(STATUE BITS 

Te Soe 
(wine; (ate 


mene | J 
SORTA Lt Lf am", ORT 
HAR | CHART 
wane 7418 id Lae | ous [ex gmake 


TeOATA 2 Be nen a’ ad0080000000 8505 


ERAMPLE FORMAT © 5 BIT CHARACTER WITH RARITY 2 SYMC CHARACTERS 


RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 


S¥MDET 
PIMDNOTE 1 


PYNOET SBI 


OVERRUN 
ERAGON /$ BY DATA CHAK 2 
—_ he in aa 


i) 
lin DaTA 


ome 


ONT 
Care — z 
aint atta ete. ia 


me COC COCO Boocnsooeten patina GuoosoovoooooNONooONOO OOOO SROREOOOIO 
tpi 


gr— CHAR ASSY BEGINS 


Ae CLOCR SW 


4 cxrt Hunt mone w 
SET SYNC GET SET SVM DET (STATUS MIT! 


S47 SNORT (STATUS MITE 


MOTE > INTERNAL SYNC TSYNC CHARACTERS. 4 BITS, WITH PARITY 
MOTE 2 EXTERNAL SINC. SBITS. WITH PARITY 
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PROGRAMMABLE INTERVAL TIMER 


w MCS-85™ Compatible 8253-5 = Count Binary or BCD 


a 3 Independent 16-Bit Counters 
a Single + 5V Supply 
w DC to 2 MHz 


u Programmable Counter Modes a 24-Pin Dual In-Line Package 


The Intel® 6253 is a programmable counter/timer chip designed tor use as an Intel microcomputer peripheral. it uses 
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP. 


It is organized as 3 indapendent 16-bit counters, each with a count rate of up to 2 MHz. Ali modes of operation are soft- 
ware programmable. 


F 
(| —— ELKO 


COUNTER 
=0 


GATEO 
BUFFER 
OvTa 


cs — 


CLK2 
CONTROL 


WORD ae GATE 2 
AEGISTER 
OUT 2 
INTERNAL BUS / | 
Figure 1. Block Diagram ; Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION Ao, At 


General 


The 8253 is a programmable interval timer/counter 
specifically designed for use with the intel™ Micro- 
computer systems. Its function is that of a general 
purpose, multi-timing elament that can be treated as an 
array of 1/O ports in the system software. 


The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
deijays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, than upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has compieted its tasks. It is easy to see 
that the software overhead is minima! and that multiple 
deiays can easily be maintained by assignment of priority 
levels. 


Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 
Programmable Rate Generator 
Event Counter 
Binary Rate Multiptier 
Real Time Clock 
Digital One-Shot 
Complex Motor Controlier 


Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU inatructions. The Data Bus Buffer has three basic 
functions. 

1. Programming the MODES of the 8253. 

2. Loading the count registers. 

3. Reading the count values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. !t ia enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 


RD (Read) 
A “tow” on this input informs the 8253 that the CPU is 
inputting data in the form of a counters vaiue. 


WR (Write) 

A “low” on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 


These inputs are normally connected to the address bus, 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 


GS (Chip Select) 


A “low” on this input enables the 8253. No reading or 
writing will occur untess the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 


CONTROL 
WORD 
REGISTER 


INTERNAL BUS 


Figure 3. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 


Write Mode Word 
Read Counter No. 0 


ead Counter No. 1 
Read Counter No. 2 


No-Operation 3-State 


Disable 3-State 


No-Operation 3-State 
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Control Word Register 


The Controi Word Register is seiected when AO, A1 are 11. 
It then accepts information from thse data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 


The Control Word Register can onty be written into; no 
raad operation of its contents is available. 


Counter #0, Counter #1, Counter #2 


These three functiona! blocks ara identical in operationso 
only a single Counter wil! be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 


The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Aiso, there are special features in the 
control ward that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 


The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read “on the fly” without having to inhibit 
the clock input. 


8253 SYSTEM INTERFACE 


The 8253 is a component of the Itntel™ Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral 1/O ports; three are 
counters and the fourth is a controt register for MODE 
programming. 

8asically, the select inputs Ad, A1 connect to the AO, Al 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the cutput of a decoder, such as 
an Intel® 8205 for larger systems. 


INTERNAL BUS 


Figure 4. Block Diagram Showing Control Word 


Register and Counter Functions 


ADDAESS BUS (16) 


CONTROL 8US 


a fae | 
DATA BUS (8) 


Ea 
Te 1 


aA, Ag G Dy-d, 
6253 
ten a COUNTER COUNTER 
1 2 


fs ae 


OUT GATE CLK OUT GATE CLK OUT GATE CLK 


Figure 5. 8253 Syatem Interface 
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OPERATIONAL DESCRIPTION 


General 


The complete functional definition of the 8253 is 
programmed by the systems software. A set of contro! 
words must be sent out by the CPU to initialize each 
counter cf the 8253 with the desired MODE and quantity 
Information. Prior to initiatization, the MODE, count, and 
output of all counters Is undefined. These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting. 

Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 


The actuai counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
syStem have been eliminated. 


Programming the 8253 


All of the MODES for each counter are programmed by the 
systems software by simple 1/O operations. 


Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 14) 


Contro! Word Format 


De D2 


Dz Og Os D3 Di 
Pact [soo [nei [ri [wo [wt [wo [sco] 


Definition of Control 
SC — Select Counter. 
sc 


sco 
P| of Select Counter | 
Po Tt Select Counter 1 
J tT Select Counter 2 | 
es Cae ae ee 


RL — Read/Load: 


RLi RLO 


Counter Latching operation (see 
READ/AWRITE Procedure Section) 


PT] o | Renalona mor sinitcane byte ony 
orag 


Read/Load least significant byte only. 


Read/Load least significant byte first, 
then most significant byte. 


8253/8253-5 


= Ss Binary Counter 16-bits 


Binary Coded Decimal {BCD) Counter 
{4 Decades) 


Counter Loading 


The count register is not loaded until] the count value is 
written (one or two bytes, depending on the mode 
selected by the RL bits), foltowed by a rising edge and a 
falling edge of the clock. Any read of the counter prior to 
that failing clock edge may yleld invalid data. 


MODE Definition 


MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the out- 
put will remain low and the counter wil! count. When ter- 
minal count is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 


Rewriting a counter register during counting resutts in 
the following: 


{1) Write 1st byte stops the current counting. 
(2) Write 2nd byte starts the new count. 


MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate in- 
put. 


The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 


The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator. Divide by N counter. The out- 
put will be low for one pericd of the input clock. The 
period from one output pulse to the next equals the 
number of input counts in the count register. If the 
count register Is reloaded between output pulses the 
prasent period wiil not be affected, but the subsequent 
pericd will reflect the new value. 


The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 


When this mode is set, the output will remain high untit 
after the count register is loaded. The output then can 
also be synchronized by software. 


MODE 3: Square Wave Rate Generator.Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom- 
plished by decrementing the counter by two on the fall- 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full count and the whole 
process is repeated. 


lf the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count 
by 1. Subsequent clock pulses decrement the clock by 
2, After timeout, the output goes low and the futi count 
is reloaded. The first clock pulse (follawing the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, if the count is odd, the 
output will be high for (N+ 12 counts and low for 
(N - 1/2 counts. 


MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then wiil 
go high again. 


if the count register is reloaded between output pulses, 
counting will continue from the new vatue. The count 
will be inhibited while the gate input is low. Reloading 
the counter register will restart counting beginning with 
the new number. 


MODE 5: Hardware Triggered Strobe. The counter wilt 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out- 
put will not go iow until the full count after the rising 


edge of any trigger. 
Disables Enables 
counting counting 


1} Initiates 
counting 

2) Resets output 
after next clock 


0 counting 1) Reloads 
counter 

2) Initlates 
counting 


Enables 
counting 


2) Sets output 
immediately 
high 


8-63 


1} Disables 
counting 

2) Sets output 
immediately 
high 


Disables Enables 
r— cauntiag 
Initiates 
counting 


Figure 6. Gate Pin Operations Summary 
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MODE 0: Interrupt on Terminat Count 


OUTPUT (INTERRUPT) 
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MODE 1: Programmable One-Shot 
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TRIGGER 
4 3 2 1 9 
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MODE 3: Square Wave Generator 


a ey 
a ee 


MODE 4: Scfiware Triggered Strobe 


MODE 5: Hardware Triggered Strobe 


GATE J 
4 3 2 1 +O 
OUTPUT (n= 4} l J 
GATE 


OUTPUT in = 4} 


Figure 7. 8253 Timing Diagrams 
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8253 READ/WRITE PROCEDURE 


Write Operations MODE Control Word 
The systems software must program each counter of the Counter n 

LSB Count Register byte 
Counter n 


8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MODE control word and 


the programmed number of count register bytes (1 or 2} : 

prior to actually using the selected counter. MSB ae byte 
eee : P t 

The actual order of the programming is quite flexible. ee i 


Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter’s MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) Figure 8 Programming Format 


The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RLt). This 
loading ot the counter's count register is stilt sequence 
independent like the MODE control word foading, but 
when a selected count register is to be loaded it must be MODE Control Word 
loaded with the number of bytes programmed in the Counter O 

MODE control word (RLO, RL1). The one or two bytes to MODE Control Word 
be loaded in the count register do not have to follow the . Counter 1 

associated MODE control word. They can be programmed 


at any time following the MODE control word foading as MODE Controi Word 
Jong as the correct number of bytes is loaded in order. 3 Counter 2 


All counters are down counters. Thus, the value loaded LSB Count Register Byte 
into the count register will actually be decremented. Counter 1 


Loading all zeroes into a count register wiH result in the Co R 
maximum count (2" for Binary or 10*for BCD). In MODE 0 Unt Register Byte 
the new count will not restart until the load has been ; Counter 1 


completed. It will accept one of two bytes depending on Count Register Byte 
how the MODE contro! wards (RLO, RL1) are program- : LSB Counter 2 
med. Then proceed with the restart operation. 


Note: Farmat shown is a simple example of joading the 8253 and 
does nat imply that it is the only format that can be used. 


Count Register Byte 
Counter 2 


Count Register Byte 
Counter 0 
Count Register Byte 
Counter 0 


Note: The exclusive addresses of each counter’s count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fulty utilized, 


Figure 9. Alternate Programming Formats 


8-65 AFN-OO75B 


intel 


8253/8253-5 


Read Operations 


in most counter applications it becomes necessary to read 
the vajlue of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function, The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 


There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AQ, 41 inputs to the 6253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO. 
Ail-11), The only requirement with this method is that in 
order to assure a stable count reading the aciual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 


first /O Read contains the least significant byte (LSB). 


second \/O Read contains the most significant byte 
(MSB). 


Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 


Read Operation Chart 


Loe Gaunt No.1 | 
0 [a [eas counter No.2 
i 


Reading While Counting 


In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter “on the fly" he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the /atched register is 
avaiable. 


MODE Register for Latching Count 


AO, Al = 11 


SC1,SCO— specify counter to be latched. 
D5,D4 
X 

The same timitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory 


to complete the entire read operation as programmed. 
This command has no effect on the counter’s mode. 


— 00 designates counter latching operation. 
— don't care. 


*If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less. 


Figure 10. MCS-85™ Clock Interface’ 
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ABSOLUTE MAXIMUM RATINGS* "NOTICE: Stresses above those Nsted under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias ........ O°Cto70°C tion of the device at these or any other conditions above 
Storage Temperature ......... . . ~68°Cto+150°C those indicated in the operational sections of this 
Voltage On Any Pin specification is not implied. Exposure to absolute maxi- 

With RespecttoGround .............. -O.5Vto+7V mum rating conditions for extended periods may aftect 
Power Dissipation ......................... . + Watt device reliability. 


D.C. CHARACTERISTICS tg = 0°C to 70°C, Voc = 5V +10%) 


Parameter " ; | ] Test Conditions 


Input Low Voltage 
Input High Voltage 


Output Low Voltage 


Output High Voltage 


Input Load Current + Vin = Veg to OV 


Output Float Leakage Vout = Vee to OV 


Voc Supply Current 


CAPACITANCE (Tq = 25°C. Voc = GND = OV) 


Ce a 


VO Capacitance pF Unmeasured pins returned to Vgs 


A.C. CHARACTERISTICS = (Tg = 0°C to 70°C, Voc = 5.0V +5%, GND = OV) 


Bus Parameters (Note 3} 


READ CYCLE 


a eo 
pte Address Stable Before READ 


Address Hold Time for READ 
READ Pulse Width 


Data Delay Fram READI4) —=— 
READ to Data Floating a 25 __100 
Recovery Tire Between READ 

and Any Other Control Signal 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


Recovery Time Between WRITE 
and Any Other Control Signal 


CLOCK AND GATE TIMING 


Symbol Parameter 
tpwH High Pulse Width 
tewe Low Pulse Width 
t6L Gate Width Low 
tes Gate Set Up Time to CLKt 
tGH Gate Hold Time After CLK 
[tone | “SuttBsny From Gat) 


NOTES: 

1. lot = 2.2 mA. 

2. Ion = —400 pA. 

3. AC timings measured at Voy 2.2, Vo. = 0.8. 
4, C. = 150pF. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


DEVICE 


Gas 


AC TESTING: INPUTS ARE DRIVEN AT 2 4¥ FORALOGIC 1 AND O.45¥ FOR 
ALOGIC 0 TIMING MEASUREMENTS ARE MACE AT Z0¥ FOR A LOGIC 1” 


AND 0 8V FORALOGIC 0. C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


WRITE TIMING READ TIMING 


DATA BUS 


CLOCK AND GATE TIMING 


town tow. (4 ——_ teLK tos +t 
CLK i 
tgs-— tow 
GATEG 
tow 
ton tgp co—>| 
be—- to06 
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GENERAL INFORMATION 


The Nabu Floppy Disk Drive Controller Board (AFC-1100), can 
operate any combination of up to four full-size (8") or mini 
(5.25") floppy disk drives simultaneously on the S-100 bus. 
This controller is compatible with Shugart, Remex, Memorex, 
Pertec, and most other disk drives. 


The AFC-1100 is interrupt driven and assigned the highest 
interrupt priority. It accommodates both single-density (IBM 
3740) and double-density (IBM System 34) formats, with soft 
sector compatibility. Recording can be done on both sides of a 
diskette, thus allowing up to 1 Megabyte of formatted data to be 
stored on a 2-sided, double-density diskette. 


Western Digital's FD1793, along with two other supporting 
chips, form the heart of the AFC-1100 controller. As well, phase 
lock loop (PLL) techniques are used in the controller to increase 
the reliability of data recovery. 


SPECIFIC FEATURES 


FD1793 Floppy Disk Formatter/Controlier 


The FD1793 floppy disk formatter/controller, (U11), is a 
powerful LSI chip which provides all required interface signals 
to a floppy disk drive. The eleven instructions which the FD1793 
performs, enhance system throughput and minimize support from the 
processor. 


A few supporting chips are also required by the FD1793 to 
complete the working floppy disk system. One of these is the 
phase lock loop data recovery circuit, which includes part of U5 
(WD1691), a VCO, and a low pass filter. As mentioned, the use of 
the PLL technique enhances the reliability of the data recovery 
process. As well, any speed variations or track to track 
variations can also be handled better with a PLL. 


Another supporting chip is the write precompensation 
circuit, which contains the remaining part of U5 and a WD2143 
(U6). The precompensation applies only when the current track 
number on a double-density diskette is greater than 43. 


Detailed information regarding the uses of the FD1793, 
WD1691, and WD2143 can be obtained from the manufacturer's data 
Sheets included. 


Device Addressing 


The address decoder is designed such that the board's 
internal registers are located at port addresses F3H to F7H. The 
function of each port is as follows: 


Port Address Data Read Data Write 
F3H Drive status Drive command 
F4H Status register Command register 
F5H Track register Track register 
F6H Sector register Sector register 


F7H Data register © Data register 


Ports F4H to F7H correspond to the internal registers of the 
1793 floppy controller chip. The meaning of the data bits is 


explained in the enclosed data sheet for the 1793 integrated 
circuit. Port F3H relates to disk drive parameters. The 


functions of the data bits are summarized as follows: 


DO DRSELI] Drive 0 (A) selected 

D1 DRSEL2 Drive 1 ({B) selected 
Drive D2 DRSEL3 Drive 2 {C) selected 
Status D3 DRSEL4 Drive 3 (D) selected 

D4 SIDE 1 Side 1 of drive selected 

D5 - 5.25" drive selected 

Dé DDEN Single density selected 

D7 2~SIDED Single sided diskette in 

drive 

DO DRSEL1 Selects drive 0 (A) 

Dl DRSEL2 Selects drive 1 (B) 
Drive D2 DRSEL3 Selects drive 2 (C) 
Command D3 DRSEL4 Selects drive 3 (D) 

D4 SIDE 1 Selects side 1 of drive 

D5 - Selects 5.25" drive 

D6 DDEN Selects single density 

D7 ~ Enables wait states 


Wumper Connections 


The interrupt vector jumper area is located in the upper 
right-hand corner of the board. The address is set to 0036H for 
the Nabu 1100 System. (With jumper means logic one). 


The jumper selection labelled 'A', near the middle of the 
board, enables the user to select disk size (8" or 5.25") either 
by hardwired logic, or by software control. The Nabu 1100 System 
uses software selection. 


Hardwire selection : 
eg" : Jumper 2 and 3 
5.25" : No jumper 


Software selection : Jumper 1 and 2 


Pimine aasiet 


The data recovery circuit is implemented by phase lock loop 
techniques. Therefore, input DC voltage and output clock 
frequency adjustments must be performed on the VCO (U7). Also, 
the four phase clock generator (U6) for the precompensation 
circuit, must be adjusted for proper operation. 


The adjustments are performed on RR1, RR2, RR3, and RR4, 
which are located in the bottom left-hand corner of the board. 
Normally, these potentiometers are factory adjusted. Should any 
adjustments be required, they should be performed by qualified 
service personnel. 


Connection of the Disk Drives 


The 50-pin header strip (J2), connects all large (8") drives 
to the board; and the 34~pin header strip (Jl if it exists), 
connects all mini (5.25") drives to the board. 


Only the even numbered pins (bottom row) are used for 
connection to the drives, while the odd numbered pins (top row) 
are grounded. The pins are numbered from right to left. 


The 2-pin header on the right-hand side of J2, is used for 
interrupt priority connection. These pins are left open for the 
Nabu 1100 single user system. For a multi-user system, the input 
pin should be left open (highest interrupt priority) while the 
output pin should be connected to the board with next highest 
priority. 


NABU AFC-1100 FLOPPY DISK DRIVE CONTROLLER BOARD 


PARTS LIST 

Ul 7805 5 V positive voltage regulator 

U2 7812 12 V positive voltage regulator 

U3, U29 74L8367 Hex bus driver 

u4, U16 74LS123 Dual retriggerable monostable multi~ 
vibrator with clear 

U5 WD1691 Floppy support logic (Western Digital) 

U6 WD2143 Four phase clock generator (Western 
Digital) 

U7 748124 Dual voltage-controlled oscillator 

U8 74LS20 Dual 4-input NAND 

ug, U10 7406 Hex inverter 

ull FD1793B Floppy disk controller chip (Western 
Digital) 

U12 74LS157 Quadruple 2-line-to-l-line multi- 

5 plexer 

U13, U20, 74LS244 Octal buffer/line-driver with 

U24, U25 3-state outputs 

ul4 74LS138 3-to-8-line decoder/demultiplexer 

U1L5 74LS273 Octal D-type flip-flop 

U17 74LS02 Quadruple 2-input NOR 

U1L8, U21 74LS00 Quadruple 2-input NAND 

u19 74LS04 Hex inverter 

U22, U23, U26 74LS74 Dual D-type positive-edge-triggered 
flip-flop with preset and clear 

U27, U28 74LS10 Triple 3-input NAND 

Diodes: 

D1, D2 1N914A Silicon switching diode 

Cl, C16 68 pF 

C2, C4, C5 

C6, C7 10 wF, 35 V tantalum electrolytic 

C3, C8-C9, C12, 

C14-C15, C17-C22 0.1 vaF 

C10 -33 MF stacked film capacitor 

cil 82 pF 

C13 47~S51pF 

R1-R6 150 

R7 12 kf 

R8, 5.1 kv 

R9 3.6 k JY 


R10 4.7 kN 
R11-R13 47k dL 
R14-R16 10 ks. 
R17 6.2 kit 
R18 4.7kf 
R19 Tkt 
RR1 10 k IN 
RR2 100 k JL 
RR3, RR4 50 kL 
RN1 Lk 
tH pete 
12 14 pin IC socket 
7 16 pin IC socket 
1 18 pin IC socket 
6 20 pin IC socket 
1 40 pin IC socket 
1 50 pin right angle pin connector 
1 2 pin right angle pin connector 
2 TO-220 heat-sink 
2 #6-32 x 3/8" machine screw 
2 #6-32 nuts 
1: pec. board 
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R9,01,AND D2 ARE LOCATED ON THE 

REVERSE SIDE OF THE BOARD. 

ALL RESISTOR VALUES ARE IN OHMS. 

ALL CAPACITOR VALUES ARE IN MICROFARADS 
UNLESS SPECIFIED. 

D1,D2 ARE 1N914. 
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FD179X Application Notes 


INTRODUCTION 


Over the past several years, the Floppy Disk Drive has 
become the most popular on-line storage device for 
mini and microcomputer systems. Its fast access time, 
reliability and low cost-per-bit ratio enables the Floppy 
Disk Drive to be the solution in mass storage for mi- 
croprocessor systems. The drive interface to the Host 
system is standardized, allowing the OEM to substitute 
one drive for another with minimum hardware/ software 
modifications. 


Since Fioppy Disk Data is stored and retrieved as a 
self-clocking serial data stream, some means of sep- 
arating the clock from the data and assembling this 
data in parallel form must be accomplished. Data is 
stored on individual Tracks of the media, requiring con- 
trol of a stepper motor to move the Read/Write head 
to a predetermined Track. Byte sychronization must 
also be accomplished to insure that the paraflei data 
is properly assembled. After all the design considera- 
tions are met, the final controller can consist of 40 or 
more TTL packages. 


To alleviate the burden of Floppy Disk Controller de- 
sign, Western Digital has developed a Family of LS! 


Floppy Disk controller devices. Through its own set of © 


macro commands, the FD179X Controller Family will 
perform all the functions necessary to read and write 
data to the drive. Both the 8” standard and 5%” mini- 
floppy are supported with single or double density re- 
cording techniques. The FD179X is compatible with 
the 1BM 3740 (FM) data format, or the System 34 
(MFM) standards. Provisions for non-standard formats 
and variable sector lengths have been included to pro- 
vide more storage capability per track. Requiring stan- 
dard +5, +12 power supplies the FD179X is available 
in a standard 40 pin dual-in-line package. 


The FD179X Family consists of 6 devices. The 
differences between these devices is summarized in 
Figure 1. The 1792 and 1794 are “single density only” 
devices, with the Double Density Enable pin (DDEN) 
left open by the user. Both True and inverted Data bus 
devices are available. Since the 179X can only drive 
one TTL Load, a true data bus system may use the 
1791 with external inverting buffers to arrive at a true 
bus scheme. The 1795 and 1797 are identical to the 
1791 and 1793, except a side select output has been 
added that is controlled through the Command Register. 


SYSTEM DESIGN 


The first consideration in Floppy Disk Design is to de- 
termine which type of drive to use. The choice ranges 
from single-density single sided mini-floppy to the 8” 
double-density double-sided drive. Figure 2 illustrates 
the various drive and data capacities associated with 
each type. Although the 8” double-density drive offers 
twice as much storage, a more complex data separator 
and the addition of Write Precompensation circuits are 
mandatory for reliable data transfers. Whether to go 
with 8” double-density or not is dependent upon PC 
board space and the additional circuitry needed to ac- 
curately recover data with extreme bit shifts. The byte 
transfer time defines the nominal time required to 
transfer one byte of data from the drive. {f the CPU 
used cannot service a byte in this time, then a DMA 
scheme will probably be required. The 179X also needs 
a few microseconds for overhead, which is subtracted 
from the transfer time. Figure 3 shows the actual ser- 
vice times that the CPU must provide on a byte-by-byte 
basis. If these times are not met, bytes of data will be 
lost during a read or write operation. For each byte 
transferred, the 179X generates a DRQ (Data Re- 
quest) signal on Pin 38. A bit is provided in the status 
register which is also set upon receipt of a byte from 
the Disk. The user has the option of reading the status 
register through program control or using the DRQ Line 
with DMA or interrupt schemes. When the data register 
is read, both the status register DRQ bit and the DRQ 
Line are automatically reset. The next full byte will 
again set the DRQ and the process continues until the 
sector(s) are read. The Write operation works exactly 
the same way, except a WRITE to the Data Register 
causes a reset of both ORQ's. 


RECORDING FORMATS 


The FD179X accepts data from the disk in a Fre- 
quency-Modulated (FM) or Modified-Frequency-Mod- 
ulated (MFM) Format. Shown in Figures 4A and 4B are 
both these Formats when writing a Hexidecimal byte 
of ‘D2’. in the FM mode, the 8 bits of data are broken 
up into “bit cells.” Each bit cell begins with a clock 
pulse and the center of the bit cell defines the data. If 
the data bit = 0, no pulse is written; if the data = 1, 
a pulse is written in the center of the cell. For the 8” 
Orive, each clock is written 4 microseconds apart. 
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In the MFM mode, clocks are decoded into the data 
stream. The byte is again broken up into bit cells, with 
the data bit written in the center of the bit cell if data 
= 1. Clocks are only written if both surrounding data 
bits are zero. Figure 4B shows that this occurs only 
once between Bit cell 4 and 5. Using this encoding 
scheme, pulses can occur 2, 3 or 4 microseconds 
apart. The bit cell time is now 2 microseconds: twice 
as much data can be recorded without increasing the 
Frequency rate due to this encoding scheme. 


The 179X was designed to be compatible with the iBM 
3740 (FM) and System 34 (MFM) Formats. Although 
most users do not have a need for data exchange with 
IBM mainframes, taking advantage of these well stud- 
ied formats will insure a high degree of system 
performance. The 179X will allow a change in gap 
fields and sector lengths to increase usable storage 
capacity, but variations away from these standards is 
not recommended. Both IBM standards are soft-sector 
format. Because of the wide variation in address marks, 
the 179X can only support soft-sectored media. Hard 
sectored diskettes have continued to lose popularity, 
mainly due to the unavailability of a standard and the 
limitation of sector lengths imposed by the physical 
sector holes in the diskette. 


PROCESSOR INTERFACE 


The Interface of the 179X to the CPU consists of an 
8-bit Bi-directional bus, read/write controls and optional 
interrupt lines. By selecting the device via the CHIP 
SELECT Line, each of the five internal registers can 
be accessed. 


Shown below are the registers and their addresses: 


PIN 3! PIN 6 [PIN 5 
cS | A | Ay 
o | o | o 

| 


DATAREG | DATA REG 
H1-Z H1-2 


Each time a command is issued to the 179X, the Busy 
bit is set and the INTRQ (Interrupt Request) Line is 
reset. The user has the option of checking the busy bit 
or use the INTRQ Line to denote command compie- 
tion. The Busy bit will be reset whenever the 179X is 
idle and awaiting a new command. The INTRQ Line, 
once set, can only be reset by a READ of the status 
register or issuing a new command. The MR (Master 
Reset) Line does not affect INTRQ. 


The Ag, A;, Lines used for register selections can be 
configured at the CPU in a variety of ways. These lines 
may actually tie to CPU address lines, in which case 
the 179X will be memory-mapped and addressed like 
RAM. They may also be used under Program Control 
by tying to a port device such as the 8255, 6820, etc. 
As a diagnostic tool when checking out the CPU in- 
terface, the Track and Sector registers should re.pond 
like “RAM” when the 179X is idle (Busy = INTRQ = 
0). 

Because of internal synchronization cycles, certain 
time delays must be introduced when operating under 
Programmed I/O. The worst case delays are: 


NEXT 
OPERATION 


OPERATION 


*NOTE: Times Double when CLK = 1MHz (5'4” drive) 


Other CPU interface lines are CLK, MR and DDEN. 
The CLK fine should be 2MHz (8” drive) or 1MHz (514” 
drive’ with a 50% duty cycle. Accuracy should be +1% 
(crystal source) since all internal timing, including step- 
Ping rates, are based upon this clock. 


The MR or Master Reset Line should be strobed a 
minimum of 50 microseconds upon each power-on 
condition. This line clears and initializes all internal reg- 
isters and issues a restore command (Hex ‘03') on the 
rising edge. A quicker stepping rate can be written to 
the command register after a MR, in which case the 
remaining steps will occur at the faster programmed 
rate. The 179X will issue a maximum of 255 stepping 
pulses in an attempt to expect the TROO line to go 
active low. This line should be connected to the drive’s 
TROO sensor. 

The DDEN line causes selection of either single _den- 


sity (DDEN = 1) or double density operation. DDEN 
should not be switched during a read or write operation. 


DELAY REQ'D]: 


FLOPPY DISK INTERFACE 


The Floppy Disk interface can be divided into three 
sections: Motor Controi, Write Signals and Read Sig- 
nals. All of these lines are capable of driving one TTL 
load and not compatible for direct connection to the 
drive. Most drives require an open-collector TTL inter- 
face with high current drive capability. This must be 
done on all outputs from the 179X. Inputs to the 179X 
may be buffered or tied to the Drives outputs, providing 
the appropriate resistor termination networks are used. 
Undershoot should not exceed ~0,3 volts, while integ- 
rity of Vin and Voy levels should be kept within spec. 


MOTOR CONTROL 


Motor Control is accomplished by the STEP and DIRC 
Lines. The STEP Line issues stepping pulses with a 
period defined by the rate field in alt Type | commands. 
The DIRC Line defines the direction of steps (DIRC = 
1 STEP IN/DIRC = 0 STEP OUT). 


Other Control Lines include the IP or Index Pulse. This 
Line is tied to the drives’ Index L.E.D. sensor and 
makes an. active transition for each revolution of the 
diskette. The TROO Line is another L.E.D. sensor that 
informs the 179X that the stepper motor is at its fur- 
thest position, over Track 00, The READY Line can be 
used for a number of functions, such as sensing “door 
open’, Drive motor on, etc. Most drives provide a pro- 
grammable READY Signal selected by option jumpers 
on the drive. The 179X will look at the ready signal prior 
to executing READ/WRITE commands. READY is not 
inspected during any Type | commanas. All Type | 
commands will execute regardless of the Logic Level 
on this Line. 


WRITE SIGNALS 


Writing of data is accomplished by the use of the WD, 
WG, WF, TG43, EARLY and LATE Lines. The WG or 
Write Gate Line is used to enable write current at the 
drive’s R/W head. It is made active prior to writing data 
on the disk. The WF or WRITE FAULT Line is used to 
inform the 179X of a failure in drive electronics. This 
signai is multiplexed with the VFOE Line and must be 
logically separated if required. Figure 5 illustrates three 
methods of demultiplexing. 


The TG43 or “TRACK GREATER than 43” Line is 
used to decrease the Write current on the inner tracks, 
where bit densities are the highest. If not required on 
the drive, TG43 may be left open. 


WRITE PRECOMPENSATION 


The 179X provides three signals for double density 
Write Precompensation use. These signals are WRITE 
DATA, EARLY and LATE. When using single density 
drives (eighter 8” or 5%”), Write Precompensation is 
not necessary and the WRITE DATA line is generally 
TTL Buffered and sent directly to the drive. In this 
mode, EARLY and LATE are left open. 


For double density use, Write Precompensation is a 
function of the drive. Some manufacturers recommend 
Precompensating the 5%” drive, while others do not. 
With the 8” drive, Precompensation may be specified 
from TRACK 43 on, or in most cases, all TRACKS. If 
the recommended Precompensation is not specified, 


check with the manufacturer for the proper configura- 
tion required. 


The amount of Precompensation time also varies. A 
typical vatue will usually be specified from 100-300ns. 
Regardless of the parameters used, Write Precom- 

nsation must be done external to the 179X. When 
DDEN is tied low, EARLY or LATE will be activated at 
least 125ns. before and after the Write Data pulse. An 
Algorithm internal the 179X decides whether to raise 
EARLY or LATE, depending upon the previous bit pat- 
tern sent. As an example, suppose the recommended 
Precomp value has been specified at 150ns. The fol- 
lowing action should be taken: 


EARLY LATE ACTION TAKEN | 

0 0 delay WD by 150ns (nominal) 

0 1 delay WD by 300ns (2X value) 
cs 0 donotdelayWO 
There are two methods of performing Write 
Precompensation: 

1) External Delay elements 
2) Digitally 


Shown in Figure 6 is a Precomp circuit using the West- 
ern Digital 2143 clock generator as the delay element. 
The WD pulse from the 179X creates a strobe to the 
2143, causing subsequent output pulses on the 41, 2 
and 83 signals. The 5K Precomp adjust sets the de- 
sired Precomp value. Depending upon the condition of 
EARLY and LATE, 91 will be used for EARLY, £2 for 
nominal (EARLY = LATE = 0), and £3 for LATE. The 
use of “one-shots” or delay line in a Write Precom- 
pensation scheme offers the user the ability to vary the 
Precomp value. The £4 output resets the 74LS175 
Latch in anticipation of the next WD pulse. Figure 7 
shows the WD-EARLY/LATE relationship, while Figure 
8 shows the timing of this write Precomp scheme. 


Another method of Precomp is to perform the function 
digitally. Figure 9 illustrates a relationship between the 
WD pulse and the CLK pin, aflowing a digital Precomp 
scheme. Figure 10 shows such a scheme with a pre- 
set Write Precompensation value of 250ns. The syn- 
chronous counter is used to generate 2MHz and 4MHz 
clock signals. The 2MHz clock is sent to the CLK input 
of the 179X and the 4MHz is used by the 4-bit shift 
register. When a WD pulse is not present, the 4MHz 
clock is shifting “ones” through the shift register and 
maintaining Q, at a zero level. When a WD pulse is 
present, a zero is loaded at either A, B, or C depending 
upon the states of LATE, EN PRECOMP and EARLY. 
The zero is then shifted by the 4MHz clock until it 
reaches the Q, output. The number of shift operations 
determines whether the WRITE DATA pulse is written 
early, nominal or tate. If both FM and MFM operations 
is a system requirement, the output of this circuit should 
be disabled and the WD puise should be sent directly 
to the drive. 


DATA SEPARATION 


The 179X has two inputs (RAW READ & RCLK) and 
one output (VFOE) for use by an external data sepa- 
rater. The RAW READ input must present clock and 
data pulses to the 179X, while the RCLK input provides 
a “window” or strobe signal to clock each RAW READ 
pulse into the device. An ideal Data Separator would 
have the leading edge of the RAW READ pulse occur 
in the exact center of the RCLK strobe. 


Motor Speed Variation, Bit shifts and read amplifier 
recovery circuits ail cause the RAW READ puises to 
drift away from their nominal! positions. As this occurs, 
the RAW READ pulses will shift ieft or right with re- 
spect to RCLK, Eventually, a pulse wil] make its tran- 
sition outside of its RCLK window, causing either a 
CRC error or a Record-not-Found error at the 179X. 


A Phase-Lock-Loop circuit is one method of achieving 
synchronization between the RCLK and RAW READ 
signals. As RAW READ pulses are fed to the PLL, 
minor adjustments of the free-running RCLK frequency 
can be made. If pulses are occurring too far apart, the 
RCLK frequency is decreased to keep synchroniza- 
tion. If pulses begin to occur closer together, RCLK is 
increased until this new higher frequency is achieved. 
in normal read operations, RCLK will be constantly 
adjusted in an attempt to match the incoming RAW 
READ frequency. 


Another method of Data Separation is the Counter- 
Separator technique. The RCLK signal is again free- 
running at a nominal rate, until a RAW READ pulse 
occurs. The Separator then denotes the position of the 
pulse with respect to RCLK (by the counter value), and 
counts down to increase or decrease the current RCLK 
window. The next RCLK window will occur at a nominal 
rate and will continue to run at this frequency until an- 
other RAW READ pulse adjusts RCLK, but only the 
present window is adjusted. 


Both PPL and Counter/Separator are acceptable 
methods of Data Separation. The PPL has the highest 
reliability because of its “tracking” capability and is rec- 
ommended for 8” double density designs. 


As a final note, the term “Data Separator’ may be 
misleading, since the physical separation of clock and 
data bits are not actually performed. This term is used 
throughout the industry, and can better be described 
as a “Data Recovery Circuit” rather than a Data 
Separator. 


The VFOE signal is an output from the 179X that sig- 
nifies the head has been loaded and valid data pulses 
are appearing on the RAW READ line. It can be used 
to enable the Data Separator and to insure clean RCLK 
transitions to the 179X. Since some drives wilt output 
random pulses when the head is disengaged, VFOE 
can prevent an erratic ACLK signal during this time. If 
the Data Separator requires synchronization during a 
known pattern of one’s or zero’s, then RG (READ 
GATE) can be used. The RG signal will go active when 
the 179X is currently over a field of zeros or ones. RG 
is not available on the 1795/1797 devices, since this 
signal was replaced with the SSO (Side Select Output) 
Line. 


Shown in Figure 11 is a 2¥%2 IC Counter/Separator. The 
74LS193 free runs at a frequency determined by the 
CRYCLK input. When a RAW READ pulse occurs, the 
counter is loaded with a starting count of ‘5’. When the 
RAW READ Line returns to a Logic 1, the counter 
counts down to zero and again free runs. The 74LS74 
insures a 50% duty cycle to the 179X and performs a 
divide-by-two of the Q, output. 


Figure 12 illustrates another Counter/Separator utiliz- 
ing a PROM as the count generator. Depending upon 
the RAW READ phase relationship to RCLK, the PROM 
is addressed and its data output is used as the counter 
value. A 16MHz clock is required for 8” double density, 
while an 8MHz clock can be used for single density. 


Figure 13 shows a Phase-Lock-Loop data recovery 
circuit. The phase detector (U2, Figure 2) compares 
the phase of the SHAPED DATA pulse to the phase 
of VFO CLK + 2. If VFO CLK + 2 is lagging the 
SHAPED DATA puise an output pulse on #9, U2 is 
generated, The filter/‘amplifier converts this pulse into 
a DC signal which increases the frequency of the VCO. 
If, correspondingly, CLK + 2 is leading the SHAPED 
DATA pulse, an output puise on #5, U2 is generated. 
This pulse is converted into a DC signal which de- 
creases the frequency of the VCO. These two actions 
cause the VCO to track the frequency of the incoming 
READ DATA pulses. This correction process to keep 
the two signals in phase is constantly occurring because 
of spindle speed variation and circuit parameter 
variations. 

The operating specifications for this circuit are as 
follows: 


Free Running Frequency 2MHz 
Capture Range 
Lock Up Time 


+ 15% 

50 microsec. “1111” or 
“0000” Pattem 

100 Microsec “1010” Pat- 
tern 


The RAW READ pulses are generated from the falling 
edge of the SHAPED DATA pulses. The pulses are 
also reshaped to meet the 179X requirements. VFO 
CLK = 2 OR 4 is divided by 2 once again to obtain 
VFO CLK OUT whose frequency is that required by the 
179X RCLK input. RCLK must be controlled by VFOE 
so VFOE is sampled on each rising edge of VFO CLK 
OUT. When VFOE goes active EN RCLK goes active 
in synchronization with VFO CLK OUT preventing any 
glitches on the RCLK output. When VFOE goes inac- 
tive EN RCLK goes inactive in synchronization with 
VFO CLK OUT, again preventing any glitches on the 
RCLK output. 


Figure 14 iliustrates a PPL data recovery circuit using 
the Western Digital 1691 Floppy Support device. Both 
data recovery and Write Precomp Logic is contained 
within the 1691, allowing low chip count and PLL re- 
liability. The 749124 supplies the free-running VCO 
output. The PUMP UP and PUMP DOWN signals from 
the 1691 are used to control the 74S124’s frequency. 


COMMAND USAGE 


Whenever a command is successfully or unsuccess- 
fully completed, the busy bit of the status register is 
reset and the INTRQ line is forced nigh. Command ter- 
mination may be detected either way. The INTRQ can 
be tied to the host processor's interrupt with an appro- 
priate service routine to terminate commands. The 
busy bit may be monitored with a user program and 
will achieve the same results through software. Per- 
forming both an INTRQ and a busy bit check is not 
recommended because a read of the status register to 
determine the condition of the busy bit will reset the 
INTRQ line. This can cause an INTRQ from not 
occurring. 


RESTORE COMMAND 


On some disk drives, it is possible to position the R/W 
head outward past Track 00 and prevent the TROO 
line from going low unless a STEP IN is first performed. 
{f this condition exists in the drive used, the RESTORE 
command will never detect a TROO. Issuing several 
STEP IN pulses before a RESTORE command will 
remedy this situation. The RESTORE and ail other 
Type i commands will execute even though the READY 
bit indicates the drive is not ready (NOT READY = 1). 


READ TRACK COMMAND 


The READ TRACK command can be used to manually 
inspect data on a hard copy printout. Gaps, address 
marks and all data are brought in to the data register 
during this command. The READ TRACK command 
may be used to inspect diskettes for valid formatting 
and data fields as well as address marks. Since the 
179X does not synchronize clock and data until the In- 
dex Address Mark is detected, data previous to this ID 
mark will not be valid. READ GATE (RG) is not ac- 
tuated during this command. 


READ ADDRESS COMMAND 


In systems that use either multiple drives or sides, the 
read address command can be used to tell the host 
processor which drive or side is selected. The current 
position of the A’W head is also denoted in the six 
bytes of data that are sent to the computer. 


cae Rigs omen lL ORS 
[rack SIDE | sector | Tce Woh a 


se 


The READ ADDRESS command as well as all other 
Type Il and Type Iff commands will not execute if the 
READY line is inactive (READY := 0). Instead, an in- 
terrupt will be generated and the NOT READY status 
bit will be set to a 1. 


FORCED INTERRUPT COMMAND 


The Forced Interrupt command is generally used to 
terminate a multiple sector command or to insure Type 
1 Status in the status register. The lower four bits of the 
command determine the conditional interrupt as follows: 


NOT-READY TO READY TRANSITION 
: READY TO NOT-READY TRANSITION 


= EVERY iNDEX PULSE 
3 = IMMEDIATE INTERRUPT 


Regardless of the conditional interrupt set, any com- 
mand that is currently being executed when the Forced 
Interrupt command is loaded will immediately be ter- 
minated and the busy bit will be reset indicating an idle 
condition. 


Then, when the condition for interrupt is met, the INTRQ 
line will go high signifying that the condition specified 
has occurred. 

The conditional interrupt is enabled when the corre- 
sponding bit positions of the command (1, —|,) are set 
toa 1. If l; —{, are all set to zero, no interrupt will occur, 
but any command presently under execution will be 
immediately terminated upon receipt of the Force in- 
terrupt command (HEX DO). 


As usual, to clear the interrupt a read of the status reg- 
ister or a write to the command register is required. 
The exception is when using the immediate interrupt 
condition (J, = 1). If this command is loaded into the 
command register, an interrupt will be immediately 
generated and the current command terminated. 
Reading the status or writing to the command register 
will not automatically clear the interrupt; another forced 
interrupt command with |, —f, = 0 must be loaded into 
the command register in order to reset the INTRQ from 
this condition. 


More than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (|, = 
1) and the Every Index Pulse (l, = 1) are both set, the 
resultant command would be HEX “DA”. The “OR” 
function is performed so that either a READY TO NOT- 
READY or the next Index Pulse will cause an interrupt 
condition. 


DATA RECOVERY 


Occasionally, the R/W head of the disk drive may get 
“off track’, and dust or dirt may get trapped on the 
media. Both of these conditions will cause a RECORD 
NOT FOUND and/or a CRC error to occur. This “soft 
error” can usually be recovered by the following 
procedure: 


1. Issue the command again 
2. Unload and load the head and repeat step 
3. issue a restore, seek the track, and repeat step 1 


if RNF or CRC errors are still occurring after trying 
these methods. a “hard error’ may exist. This is usu- 
ally caused by improper disk handling, exposure to 
high magnetic fields, etc. and generally results in de- 
stroying portions or tracks of the diskette. 


FIGURE 1. DEVICE CHARACTERISTICS 


DEVICE —_|SNGL DENSITY INVERTED BUS DOUBLE-SIDED 
x 
x 
x 
x 
x x 
x X 


UNFORMATTED FORMATTED 


CAPACITY (NOMINAL) eA NSELE CAPACITY 


x KK OK KX 
xx MRM OK 


FIGURE 2. STORAGE CAPACITIES 


109,375* 80,640 
218,750 161,280 
218,750 161,280 
437,500 322,560 
401,016 256,256 
802,032 512,512 
802,032 512,512 
1,604,064 1,025,024 


SINGLE 


DOUBLE 
SINGLE 
DOUBLE 
SINGLE 
DOUBLE 
SINGLE 
DOUBLE 


oo 7 


*Based on 35 Tracks/Side 
**Based on 18 Sectors/Track (128 byte/sec) 
***Based on 18 Sectors/Track (256 bytes/sec) 


FIGURE 3. NOMINAL VS. WORSE CASE SERVICE TIME 


NOMINAL TRANSFER 
SIZE DENSITY TIME 


SINGLE 
DOUBLE 
SINGLE 
DOUBLE 


WORST-CASE 179X SERVICE TIME 
Ware 


FIGURE 4A. FM RECORDING 


RULE: 
1} WRITE DATA BITS AT CENTER 
OF BIT GELL IF A “1” 


2) WRITE CLOCK BITS AT LEADING 
EDGE OF THE BIT CELL 


FIGURE 4B. MFM RECORDING 


RULE: 


1) WRITE DATA BITS AT CENTER 
OF BIT CELL IF A “1" 


2) WRITE CLOCK BITS AT LEADING 
EDGE OF BIT CELi IF: 


A} NO DATA BIT HAS BEEN WRITTEN LAST 


B) NO DATA BiT WILL BE WRITTEN NEXT 


FIGURE 5. WF/VFOE DEMULTIPLEXING CIRCUITRY 


74.502 


PIN 33 USED AS A VFOE SIGNAL ONLY ® PIN 33 USED AS VFOE AND WF SIGNALS 


WF (FROM DRIVE) 


WG (TO DRIVE) 


* PIN 33 USED AS A WF SIGNAL ONLY 


FIGURE 6. 179X WRITE PRE-COMP 


2,3, 4us. + CLK FOL -—— 
2.4us + CLK TOL 
~~ 200 NS + 50 ~— 500 NS + 50 


f ! 
t | 
a | 
; EARLY Beets en es 

EARLY tot OR LATE ot 
OA LATE | j 
t 

xk DOUBLE TIMES FOR 5° (MINI-FLOPPY) i 


250 NS MIN. 
- 7 450 NS MIN. 
125 NS MIN. VALID 
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FIGURE 7. WRITE PRE-COMP TIMING 
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FIGURE 8. PRECOMP TIMING FOR CIRCUIT IN FIGURE 6 


FIGURE 9. WD/CLK RELATIONSHIP FOR WRITE PRECOMP USE 
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FIGURE 10. DIGITAL WRITE PRECOMP CIRCUIT 
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FIGURE 12. 179X DATA SEPARATOR 


(PROVIDED COURTESY OF ANOROMEDA SYSTEMS, PANORAMA CITY, CA 91402) 
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FIGURE 13. PLL DATA RECOVERY CIRCUIT 
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COMMAND SUMMARY 


TYPE COMMAND 


Restore 

Seek 

Step 

Step In 

Step Out 

Read Sector 

Write Sector 

Read Address 

Read Track 

Write Track 

Force Interrupt 
Note: Bits shown in TRUE form. 


7 
0 
0 
0 
0 
0) 
1 
1 
1 
1 
1 
1 
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STEPPING RATES 


t MHz 


TEST =1 TEST=1 TEST=1 TEST=t 


FLAG SUMMARY 
TYPE | COMMANDS 
h = Head Load Flag (Bit 3) 


h = 1, Load head at beginning 
h = 0, Unload head at beginning 


V = Verity flag (Bit 2) 


V = 1, Verify on destination track 
V = 0, No verify 


f\", = Stepping motor rate (Bits 1-0) 
Refer to Table 1 for rate summary 
u = Update flag (Bit 4) 


u = 1, Update Track register 
u = 0, No update 


FLAG SUMMARY 
TYPE li & tlt COMMANDS 
m = Multiple Record flag (Bit 4) 


m = 0, Single Record 
= 1, Multiple Records 


a, = Data Address Mark (Bit 0) 


TEST=0 


6 ms 6 ms 
12 ms 12 ms 
20 ms 20 ms 


30 ms 30 ms 


a, = 0, FB (Data Mark) 
a = 1, F8 (Deleted Data Mark) 
£ = 15 ms Delay (2MHz) 


3688 
980us 


396 us 


E = 1, 15 ms delay 
E = 0, no 15 ms delay 
S = Side Select Flat 


416us 


S = 0, Compare for Side 0 
S = 1, Compare for Side 1 
C = Side Compare Fiag 


C = 0, disable side select compare 
C = 1, enable side select compare 


FLAG SUMMARY 


TYPE IV COMMAND 


li = Interrupt Condition flags (Bits 3-0) 


l0 = 1, Not-Ready to Ready Transition 
11 = 1, Ready to Not-Ready Transition 
2 = 1, Index Pulse 

I3 = 1, Immediate Interrupt 


l; —lyp = 0, Terminate with no Interrupt 
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This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization is 
completed. 


Information furnished by Western Digital Corporation is betieved to be accurate and reliable. However, no responsibility is assumed by 
Western Digital Corporation for its use; nor any infringements of patents or other rights of third parties which may result from its use. No 
license is granted by implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Carpora- 
tron reserves the nght to change said circuitry at any time without notice. 
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FD 179X-02 Floppy Disk Formatter/Controller Family 


FEATURES 


TWO VFO CONTROL SIGNALS 


SOFT SECTOR FORMAT COMPATIBILITY 
AUTOMATIC TRACK SEEK WITH 
VERIFICATION 
ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 
1BM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
READ MODE 
Single/Multiple Sector Read with Automatic 
Search or Entire Track Read 
Selectable 128 Byte or Variable length Sector 
WRITE MODE 
Single/Multiple Sector Write with Automatic 
Sector Search 
Entire Track Write for Diskette Formatting 


SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Directional 
Bus for Data, Control and Status 

DMA or Programmed Data Transfers 

All Inputs and Outputs are TTL Compatible 

On-Chip Track and Sector Registers/Comprehensive 
Status Information 


TARAS 


S 


ol a 
PmMmaAacvEoo 


mornnamaz— 


I7ONI=EAG 1795/7 = SSO 
“1793/7 TRUE BUS 


PIN CONNECTIONS 


# PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Setect Compare 

e WRITE PRECOMPENSATION 

e WINDOW EXTENSION 

e INCORPORATES ENCODING/DECODING 

AND ADDRESS MARK CIRCUITRY 
e FD1792/4 IS SINGLE DENSITY ONLY 
e FD1795/7 HAS A SIDE SELECT OUTPUT 


179X-02 FAMILY CHARACTERISTICS 


[—_rearunes [ve [vm [ome | oe] 

Single Density (FM) | x | x | x | x) 

[Double Density (MFM) |_| _x_] 

True DataBus_____| | x |~ 1 

Invented Date Bus |x ff 
x |x 


MAY 1980 


D 

l 

X 
Side Selection Output Xx x 


APPLICATIONS 


FLOPPY DISK DRIVE INTERFACE 

SINGLE OR MULTIPLE DRIVE CONTROLLER/ 
FORMATTER 

NEW MINI-FLOPPY CONTROLLER 


Raw READ 


FLOPPY DISK 
CONTROLLER 
FORMATTER 
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FD179X SYSTEM BLOCK DIAGRAM 


GENERAL DESCRIPTION 

The FD179X are MOS LSI devices which perform the 
functions of a Floppy Disk Formatter/Controller in 
a single chip implementation. The FD179X, which 
can be considered the end result of both the FO1771 
and FD1781 designs, is [BM 3740 compatible in 
singie density mode (FM) and System 34 compatibie 
in Double Density Mode (MFM). The FD179X con- 
tains ali the features of its predecessor the FD1771, 
plus the added features necessary to read/write and 
format a double density diskette. These include ad- 
dress mark detection, FM and MFM encode and de- 
code logic, window extension, and write precompen- 
sation. in order to maintain compatibility, the FD1771, 
FD1781, and FD179X designs were made as close as 
possible with the computer interface, instruction set, 
and I/O registers being identical. Also, head load 


PIN OUTS 


PIN 


NO CONNECTION 


MASTER RESET 


20 POWER SUPPLIES 
24 
40 


COMPUTER INTERFACE: 
WRITE ENABLE 
CHIP SELECT 


READ ENABLE 


REGISTER SELECT 
LINES 


DATA ACCESS LINES 


DALO-DAL7 


control is identical. In each case, the actuai pin as- 
signments vary by only a few pins from any one to 
another. 


The processor interface consists of an 8-bit bi- 
directional bus for data, status, and control word 
transfers. The FD179X is set up to operate on a mul- 
tiplexed bus with other bus-oriented devices. 


The FD179X is fabricated in N-channel Silicon Gate 
MOS technology and is TTL compatible on all inputs 
and outputs. The 1793 is identical to the 1791 except 
the DAL tines are TRUE for systems that utilize true 
data busses. 

The 1795/7 has a side select output for controlling dou- 
ble sided drives, and the 1792 and 1794 are “Single 
Density Only” versions of the 1791 and 1793. On these 
devices. DDEN must be left open. 


FUNCTION 


Pin 1 1s internally connected to a back bias 
generator and must be left open by the user. 

A logic low on this input resets the device and 
loads HEX 03 into the command register. The Not 
Ready (Status Bit 7) is reset during MR ACTIVE. 
When MR is brought to a logic high a RESTORE 
Command is executed, regardless of the state of 
the Ready signal from the drive. Aliso, HEX 01 is 
loaded into sector register. 


Ground 
+5V 45% 
+12V +5% 


A logic low on this input gates data on the DAL 
into the selected register when CS is low. 


A logic low on this input selects the chip and ena- 
bles computer communication with the device. 


A logic low on this input controls the placement of 
data from a selected register on the DAL when CS 
is low. 


These inputs select the register to receive/ 
transfer data on the DAL lines under RE and WE 
control: 

RE WE 
Command Reg 
Track Reg 
Sector Reg 
Data Reg 


Status Reg 
Track Reg 
Sector Reg 
Data Reg 


Eight bit inverted Bidirectional bus used for trans- 
fer of data, control, and status. This bus is receiver 
enabled by WE or transmitter enabled by RE. 


This input requires a free-running square wave 
clock for internal timing reference, 2 MHz for B” 
drives, 1 MHz for mini-drives. 


PIN 


DATA REQUEST This open drain output indicates that the DR con- 
tains assembled data in Read operations, or the 
DR is empty in Write operations. This signal is 
reset when serviced by the computer through 
reading or loading the DR in Read or Write opera- 
tions, respectively. Use 10K pull-up resistor to +5. 


39 INTERRUPT 
REQUEST 


This open drain output is set at the completion of any 
command and is reset when the STATUS register is 


read or the command register is written to. Use 10K 


FLOPPY DISK INTERFACE: pull-up resistor to +5. 


15 STEP 
16 DIRECTION 


The step output contains a pulse for each step. 


Direction Output is active high when stepping in, 
active low when stepping out. 


Indicates that the WRITE DATA pulse occurring 
while Early is active (high) should be shifted early 
for write precompensation. 


17 EARLY 


18 LATE Indicates that the write data pulse occurring while 
Late is active (high) should be shifted late for write 


precompensation. 
22 TEST This input is used for testing purposes only and 
should be tied to +5V or left open by the user un- 
less interfacing to voice coil actuated motors. 


When a logic high is found on the HLT input the 
head is assumed to be engaged. 


A high level on this output indicates to the data 
separator circuitry that a field of zeros (or ones) 
has been encountered, and is used for synchroni- 
zation. 


23 HEAD LOAD TIMING 


25 READ GATE (1791/3) 


The logic levei of the Side Select Output is directly 
controlled by the ‘S’ flag in Type II or Hl commands. 
When §S = 1, SSO is set to a logic 1. When S = 0, 
SSO is set to a logic 0. The Side Select Output is only 
updated at the beginning of a Type II or Il! command. 
It is forced to a logic 0 upon a MASTER RESET 
condition. 

A nominal square-wave clock signal derived from 
the data stream must be provided to this input. 
Phasing (i.e. RCLK transitions) relative to RAW 
READ is important but polarity (RCLK high or low) 
is not. 


The data input signal directly from the drive. This 
input shall be a negative puise for each recorded 
flux transition. 


The HLD output controls the loading of the 
Read-Write head against the media. 


This output informs the drive that the Read/Write 
head is positioned between tracks 44-76. This output 
is valid only during Read and Write Commands. 


This output is made valid before writing is to be 
performed on the diskette. 


25 SIDE SELECT OUTPUT 
(1795, 1797) 


26 READ CLOCK 


27 RAW READ RAW READ 


28 HEAD LOAD 


29 TRACK GREATER 
THAN 43 


30 WRITE GATE 


PIN 
NUMBER en] _rmonwe | SYMBOL FUNCTION 


WRITE DATA 


WF/VFOE 


WRITE FAULT 
VFO ENABLE 


TRACK 00 
INDEX PULSE 


WRITE PROTECT 


DOUBLE DENSITY 


ORGANIZATION 

The Floppy Disk Formatter block diagram is illus- 
trated on page 5. The primary sections include the 
parallel processor interface and the Floppy Disk inter- 
face. 

Data Shift Register—This 68-bit register_ assembles 
serial data from the Read Data input (RAW READ) 
during Read operations and transfers serial data to 
the Write Data output during Write operations. 

Data Register—This 8-bit register is used as a hold- 
ing register during Disk Read and Write operations. 
in Disk Read operations the assembled data byte is 
transferred in parallel to the Data Register from the 
Data Shift Register. In Disk Write operations informa- 
tion is transferred in parallet from the Data Register 
to the Data Shift Register. 


A 250 ns (MFM) or 500 ns (FM) pulse per flux 
transition. WD contains the unique Address marks 
as well as data and clock in both FM and MFM 
formats. 

This input indicates disk readiness and is sampled 
fer a logic high before Read or Write commands 
are performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
generated. Type | operations are performed re- 
gardiess of the state of Ready. The Ready input 
appears in inverted format as Status Register bit 
7. 


This is a bi-directional signal used to signify writing 
faults at the drive, and to enabie the external PLO 
data separator. When WG = 1, Pin 33 functions as 
a WF input. If WF = 0, any write command will im- 
mediately be terminated. When WG = 0, Pin 33 func- 
tions as a VFOE output. VFOE will go low during a 
read operation after the head has loaded and settled 
(HLT = 1). On the 1795/7, it will remain Jow until the 
last bit of the second CRC byte in the !D field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) 
before the Address Mark. It will then go active until 
the last bit of the second CRC byte of the Data Field. 
On the 1791/3, VFOE will remain low until the end of 
the Data Field. 


This input informs the FD179X that the Read/Write 
head is positioned over Track 00. 


This input informs the FD179X when the index hole 
is encountered on the diskette. 


This input is sampled whenever a Write Command 
is received. A logic low terminates the command 
and sets the Write Protect Status bit. 


This pin selects either single or double density op- 
eration. When DDEN = 0, double density is 
selected. When DDEN = 1, single density is 
selected. This line must be left open on the 1792/4 


When executing the Seek command the Data Regis- 
ter holds the address of the desired Track position. 
This register is loaded from the DAL and gated onto 
the DAL under processor control. 


Track Register—This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head is stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the {D field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should 
not be loaded when the device is busy. 
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FD179X BLOCK DIAGRAM 


Sector Register (SR}—This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write op- 
erations. The Sector Register contents can be loaded 
from or transferred to the DAL. This register should 
not be loaded when the device is busy. 


Command Register (CR}—This 8-bit register holds 
the command presently being executed. This register 
should not be loaded when the device is busy unless 
the new command is a force interrupt. The command 
register can be loaded from the DAL, but not read 
onto the DAL. 

Status Register (STR)—This 8-bit register holds de- 
vice Status information. The meaning of the Status 
bits is a function of the type of command previously 
executed. This register can be read onto the DAL, 
but not loaded from the DAL. 


CRC Logic—This logic is used to check or to gener- 
ate the 16-bit Cyclic Redundancy Check (CRC). The 
polynomial is: G(x) = x'© + x'? + x3 + 1. 


The CRC includes ail information starting with the 
address mark and up to the CRC characters. The 
CRC register is preset to ones prior to data being 
shifted through the circuit. 


Arithmetic/Logic Unit (ALU)—The ALU is a serial 
comparator, incrementer, and decrementer and is 
used for register modification and comparisons with 
the disk recorded ID field. 


Timing and Control—All computer and Floppy Disk 
Interface controls are generated through this logic. 
The internal device timing is generated from an ex- 
ternal crystal clock. 

The FD1791/3 has two different modes of_operation 
according to the state of DDEN. When DDEN =0 
double density (MFM) is assumed. When DDEN = 1, 
single density (FM) is assumed. 


AM Detector—The address mark detector detects 
ID, data and index address marks during read and 
write operations. 


PROCESSOR INTERFACE 


The interface to the processor is accomplished 
through the eight Data Access Lines (DAL) and as- 
sociated control signals. The DAL are used to trans- 
fer Data, Status, and Control words out of, or into the 
FD179X. The DAL are three state buffers that are en- 
abled as output drivers when Chip Select (CS) and 
Read Enable (RE) are active (low logic state} or_act 
as input receivers when CS and Write Enable (WE) 
are active. 

When transfer of data with the Floppy Disk Controller 
is required by the host processor, the device address 
is decoded and CS is made low. The address bits A1 
and AO, combined with the signals RE during a Read 
operation or WE during a Write operation are inter- 
preted as selecting the following registers: 


A1-AO READ (RE) WRITE (WE) 


0 0 Status Register Command Register 
0 1 Track Register Track Register 

1 0 Sector Register Sector Register 

1 1 Data Register Data Register 


During Direct Memory Access (DMA) types of data 
transfers between the Data Register of the FD179X 
and the processor, the Data Request (DRQ) output is 
used in Data Transfer control. This signal also ap- 
pears as status bit 1 during Read and Write opera- 
tions. 

On Disk Read operations the Data Request is acti- 
vated (set high) when an assembied serial input byte 
is transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost, by having new data transferred 
into the register prior to processor readout, the Lost 
Data bit is set in the Status Register. The Read op- 
eration continues until the end of sector is reached. 


On Disk Write operations the data Request is acti- 
vated when the Data Register transfers its contents 
to the Data Shift Register, and requires a new data 
byte. It is reset when the Data Register is loaded 
with new data by the processor. If new data is not 
loaded at the time the next serial byte is required by 
the Floppy Disk, a byte of zeroes is written on the 
diskette and the Lost Data bit is set in the Status Re- 
gister. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the 
status register or by loading the command register 
with a new command. In addition, INTRQ is gener- 
ated if a Force Interrupt command condition is met. 


FLOPPY DISK INTERFACE 


The 179X has two modes of operation according to the 
= 1, single density 
is selected. In either case, the CLK input {Pin 24) is at 


state of DDEN (Pin 37). When 


2 MHz. However, when interfacing with the mini-floppy, 


the CLK input is set at 1 MHz for both single density and 
double density. When the clock is at 2 MHz, the stepping 
rates of 3, 6, 10, and 15 ms are obtainabie. When CLK 


equals 1 MHz these times are doubled. 


HEAD POSITIONING 


Five commands cause positioning of the Read-Write 
head (see Command Section). The period of each 
positioning step is specified by the r field in bits 1 and 
0 of the command word. After the last directional 
step an additional 15 milliseconds of head settling 
time takes place if the Verify flag is set in Type | 
commands. Note that this time doubles to 30 ms for 
a 1 MHz clock. If TEST = 0, there is zero settling 
time. There is also a 15 ms head settling time if the E 
flag is set in any Type I! or Ili command. 


The rates {shown in Table 1) can be applied to a 
Step-Direction Motor through the device interface. 


Step—-A 2 us (MFM) or 4 us (FM) pulse is provided 
as an output to the drive. For every step pulse is- 
sued, the drive moves one track location in a direc- 
tion determined by the direction output. 


Direction (DIRC)}——The Direction signal is active high 
when stepping in and low when stepping out. The Di- 
rection signal is valid 12 ys before the first stepping 
pulse is generated. 


When a Seek, Step or Restore command is executed 
an optional verification of Read-Write head position 
can be performed by setting bit 2 (V = 1) in the 
command word to a logic 1. The verification operation 
begins at the end of the 15 millisecond settling time 
after the head is loaded against the media. The track 
number from the first encountered ID Field is com- 
pared against the contents of the Track Register. If 
the track numbers compare and the ID Field Cyclic 
Redundancy Check (CRC) is correct, the verify oper- 
ation is complete and an INTRQ is generated with no 
errors. The FD179X must find an JD field with correct 
track number and correct CRC within 5 revolutions of 
the media; otherwise the seek error is set and an 
INTRQ is generated. 


Table 1. STEPPING RATES 


CLK 2MHz 1 MHz 1 MHz 2 MHz 


DDEN 0 0 1 x 
TEST=1 YEST=1 


TEST=1 TEST=0 


A1iRO TEST=1 


The Head Load (HLD) output controls the movement 
of the read/write head against the media. HLD is ‘ac- 
tivated at the beginning of a Type | command if the h 
flag is set (h = 1), at the end of the Type | command 
if the verify flag (V = 1), or upon receipt of any Type 
il or if command. Once HLD is active it remains ac- 
tive until either a Type | command is received with 
(h = 0 and V = 0}; or if the FD179x is in an idle state 
(non-busy) and 15 index pulses have occurred. 


Head Load Timing (HLT) is an input to the FD179X 
which isused for the head engage time. When 
HLT = 1, the FD179X assumes the head is com- 
pletely engaged. The head engage time is typically 
30 to 100 ms depending on drive. The low to high 
transition on HLO is typically used to fire a one shot. 
The output of the one shot is then used for HLT and 
supplied as an input to the FD179X. 


HLO fF 


|-_-50 To 190mg ——ef 
-fr---- 


HLT (FROM ONE SHOT} 


HEAD LOAD TIMING 


When both HLD and HLT are true, the FD179X will 
then read from or write to the media. The “and” of 
HLD and HLT appears as a status bit in Type | 
status. 

In summary for the Type | commands: if h = 0 and 
V = 0, HLD is reset. Ifh = 1 and V = 0, HLDis set at the 
beginning of the command and HLT is not sampled nor 
is there an internal 15 ms delay. If h = 0 and V = 1, 
HLD is set near the end of the command, an internal 
15 ms occurs, and the FD179X waits for HLT to be 
true. !fh = 1 and V = 1, HLD is set at the beginning 
of the command. Near the end of the command, after 
all the steps have been issued, an internal 15 ms 
delay occurs and the FD179X then waits for HLT to 
occur. 


For Type It and Ill commands with E flag off, HLD is 
made active and HLT is sampled until true. With E 
flag on, HLD is made active, an internal 15 ms delay 
occurs and then HLT is sampled until true. 


DISK READ OPERATIONS 


Sector lengths of 128, 256, 52 or 1024 are obtaina- 
ble in either FM or MFM formats. For FM, DDEN 
should be placed to logical “1.” For MFM formats, 
DDEN should be placed to a togical “0.” Sector 
lengths are determined at format time by a special 
byte in the “ID” field. If this Sector length byte in the 
ID field is zero, then the sector length is 128 bytes. If 
01 then 256 bytes. If 02, then 512 bytes. If 03, then 
the sector length is 1024 bytes. The number of sec- 
tors per track as far as the FD179X is concerned can 
be from 1 to 255 sectors. The number of tracks as far 
as the FD179X is concerned is from 0 to 255 tracks. 
For IBM 3740 compatibility, sector lengths are 128 
bytes with 26 sectors per track. For System 34 com- 
patibility (MFM), sector lengths are 256 bytes/sector 
with 26 sectors/track; or lengths of 1024 bytes/sector 
with 8 sectors/track. {See Sector Length Tabie.) 


For read operations, the FD179X requires RAW 
READ Data (Pin 27) signal which is a 250 ns pulse 
per flux transition and a Read clock (RCLK) signal to 
indicate flux transition spacings. The RCLK (Pin 26) 
signal is provided by some drives but if not it may be 


derived externally by Phase lock loops, one shots, or 
counter techniques. In addition, a Read Gate Signal 
is provided as an output (Pin 25) which can be used 
to inform phase lock loops when to acquire syn- 
chronization. When reading from the media in FM. RG 
is made true when 2 bytes of zeroes are detected. 
The FD179X must find an address mark within the 
next 10 bytes; otherwise RG is reset and the search 
for 2 bytes of zeroes begins all over again. If an ad- 
dress mark is found within 10 bytes, RG remains true 
as long as the FD179X is deriving any useful informa- 
tion from the data stream. Similarly for MFM, RG is 
made active when 4 bytes of “O00” or “FF” are de- 
tected. The FD179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 


During read operations (WG = 0), the VFOE (Pin 33) 
is provided for phase lock loop synchronization. 
VFOE will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 179X is inspecting data off the disk 
't WF/VFOE is not used, leave open or tie to a 10K 
resistor to +5. 


DISK WRITE OPERATION 


When writing is to take place on the diskette the 
Write Gate (WG) output is activated, allowing current 
to flow into the Read/Write head. As a precaution to 
erroneous writing the first data byte must be loaded 
into the Data Register in response to a Data Request 
from the FD179X before the Write Gate signai can be 
activated. 


Writing is inhibited when the Write Protect input is a 
logic iow, in which case any Write command is im- 
mediately terminated, an interrupt is generated and 
the Write Protect status bit is set. The Write Fault in- 
put, when activated, signifies a writing fault condition 
detected in disk drive electronics such as failure to 
detect write current flow when the Write Gate is acti- 
vated. On detection of this fault the FD179X termi- 
nates the current command, and sets the Write Fault 
bit (bit 5) in the Status Word. The Write Fault input 
should be made inactive when the Write Gate output 
becomes inactive. 


For write operations, the FD179X provides Write 
Gate (Pin 30} and Write Data (Pin 31) outputs. Write 
data consists of a series of 500 ns pulses in FM 
(DDEN = 1) and 250 ns pulses in MFM (DDEN = 0). 
Write Data provides the unique address marks in 
both formats. 


Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 
17) and LATE (Pin 18). EARLY is active true when 
the WD pulse appearing on (Pin 30) is to be written 
early. LATE ts active true when the WD pulse is to be 
written LATE. if both EARLY and LATE are low when 
the WD pulse is present, the WD pulse is to be written at 
nominal. Since write precompensation values vary from 
disk manufacturer to disk manufacturer, the actual 
Value is determined by several one shots or delay lines 
which are located external to the FD179X. The write 
precompensation signals EARLY and LATE are valid 
for the duration of WD in both FM and MFM formats. 


Whenever a Read or Write command (Type II or Itl) 
is received the FD179X samples the Ready input. !f 
this input is logic low the command is not executed 
and an interrupt is generated. All Type | commands 
are performed regardless of the state of the Ready 
input. Also, whenever a Type I! or |fl command is re- 
ceived, the TG43 signal output is updated. 


COMMAND DESCRIPTION 


The FD179X will accept eleven commands. Com- 
mand words should only be joaded in the Command 
Register when the Busy status bit is off (Status bit 0). 
The one exception is the Force Interrrupt command: 
Whenever a command is being executed, the Busy 
status bit is set. When a command is completed, an 
interrupt is generated and the Busy status bit is re- 
set. The Status Register indicates whether the com- 
pleted command encountered an error or was fault 
free. For ease of discussion, commands are divided 
into four types. Commands and types are sum- 
marized in Table 2. 


Table 2. COMMAND SUMMARY 


Restore 

Seek 

Step 

Step In 

Step Out 

Read Sector 

Write Sector 

Read Address 

Read Track 

Write Track 

Force Interrrupt 
Note: Bits shown in TRUE form. 


6 
0 
0 
0 
1 
1 
0 
0 
1 
1 
4 
1 


opr - 042 020 420 0); 
=- 003 3¢c¢ctrc-- o/s 


Table 3. FLAG SUMMARY 


TYPE | COMMANDS 


h = Head Load Flag (Bit 3) 


h = 1, Load head at beginning 
h = 0, Unload head at beginning 


V = Verify flag (Bit 2 


V = 1, Verify on destination track 
V = 0, No verify 


ff) = Stepping motor rate (Bits 1-0} 


Refer to Table 1 for rate summary 
u = Update flag (Bit 4} 


u = 1, Update Track register 
u = 0, No update 


Table 4. FLAG SUMMARY 


TYPE Il & II] COMMANDS 


m = Multiple Record flag {Bit 4) 


m = 0, Singte Record 
m = 1, Multiple Records 


a) = Data Address Mark {Bit 0) 


a, = 0, FB (Data Mark) 
a, = 1, F8 (Deleted Data Mark) 


E = 15 ms Delay (2MHz) 
E = 1, 15 ms delay 
E - 0, no 15 ms delay 
(Fz) S = Side Select Flag (1791/3 only) 


S = 0, Compare for Side 0 
S = 1, Compare for Side 1 


(F;} C = Side Compare Flag (1791/3 only) 
C = 1, enable side select compare 
(F,) S = Side Select Flag 
(Bit 1, 1795/7 only) 

S = 0 Update SSO to 0 

S = 1 Update SSO to 1+ 


(F,} b = Sector Length Flag 
(Bit 3, 1975/7 only) 


Sector Length Fieid 


512 


256 


Table 5. FLAG SUMMARY 
TYPE IV COMMAND 


li = Interrupt Condition flags (Bits 3-0) 
lO = 1, Not-Ready to Ready Transition 


11 = 1, Ready to Not-Ready Transition 
12 = 1, Index Pulse 
I3 = 1, (mmediate Interrupt 


13 -lg = 0, Terminate with no Interrupt 


TYPE | COMMANDS 


The Type | Commands include the Restore, Seek, 
Step, Step-In, and Step-Out commands. Each of the 
Type | Commands contains a rate field (ror), which 


determines the stepping motor rate as defined in 
Table 1. 


The Type | Commands contain a head !oad flag (h) 
which determines if the head is to be loaded at the 
beginning of the command. If h = 1, the head is 
loaded at the beginning of the command (HLD output 
is made active). If h = 0, HLD is deactivated. Once 
the head is loaded, the head will remain engaged 
until the FD179X receives a command that specifi- 
cally disengages the head. If the FD179X is idle 
(busy = 0) for 15 revolutions of the disk, the head will 
be automatically disengaged (HLD made inactive). 


The Type | Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V = 1, a verifi- 
cation is performed, if V = 0, no verification is per- 
formed. 


During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. 
When HLT is active (logic true), the first encountered 
ID field is read off the disk. The track address of the 


YE! 


S$ 
SET BUSY. RESET CAC 
SEEK EAROR. DRO INTRO 


RESET HLD 
SET 
DIRECTION 


TYPE | COMMAND FLOW 


ID field is then compared to the Track Register, if 
there is a match and a valid ID CRC, the verification 
is complete, an interrupt is generated and the Busy 
status bit is reset. If there is not a match but there is 
valid ID CRC, an interrupt is generated, and Seek 
Error Status bit (Status bit 4) is set and the Busy 
status bit is reset. if there is a match but not a valid 
CRC, the CRC error status bit is set (Status bit 3), 
and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of 
the disk, the FD179X terminates the operation and 
sends an interrupt, (INTRQ). 


The Step, Step-In, and Step-Out commands contain 
an Update fiag (U). When U = 14, the track register is 
updated by one for each step. When U = 0, the track 
register is not updated. 


On the 1795/7 devices, the SSO output is not affected 
during Type 1 commands, and an internal side com- 
pare does not take place when the (V) Verify Flag is 


on, 
DR TO DSA 


OOES 
TR - OSR 
2 


RESET DIRECTION SET DIRECTION 


1S 
DIRECTION 
ad 
> 


1S 
HEAD AT YES 
TRACK 0 AND OTO TR 
OIRECTION 
70 


? 
NO 


ISSUE 
ONE STEP PULSE 
DELAY ACCOROING 
TO Ai. RO FIELD 


1S 
COMMAND 
NO. & STEP. STEPAN 
OF STEP-OUT, 
z 


YES 


TYPE | COMMAND FLOW 


RESTORE (SEEK TRACK 0) 


Upon receipt of this command the Track 00 (TROO) 
input is sampled. If TROO is active fow indicating the 
Read-Write head is positioned over track 0, the Track 
Register is ioaded with zeroes and an interrupt is 
generated. if TROO is not active low, stepping pulses 
(pins 15 to 16) at a rate specified by the riro field are 
issued until the TROO input is activated. At this time the 
Track Register is loaded with zeroes and an interrupt is 
generated. If the TROO input does not go active low 
after 255 stepping pulses, the FD179X terminates op- 
eration, interrupts, and sets the Seek error status bit. 
A verification operation takes place if the V flag is 
set. The h bit allows the head to be loaded at the 
start of command. Note that the Restore command is 
executed when MR goes from an active to an inac- 


tive state. 
1S ™~ NO 
< ve Lee INTRG RESET BL:3¥ } 


YES 


YES 


INTRO RESET BUSY 
SET SEEK ERROR 


INTAQ 
RESET BUSY 


O THERE '5 NO 15MS CEL ay 


NOTE 
TEST 


TAND CLX 1 MHz THEAE [5 & XIMS DELAY 


TYPE | COMMAND FLOW 


SEEK 


This command assumes that the Track Register con- 
tains the track number of the current position of the 
Read-Write head and the Data Register contains the 
desired track number. The FD179X will update the 
Track register and issue stepping pulses in the ap- 
propriate direction until the contents of the Track re- 
gister are equal to the contents of the Data Register 
(the desired track location). A verification operation 
takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the com- 
mand. 


STEP 


Upon receipt of this command, the FD179X issues 
One stepping pulse to the disk drive. The stepping 
motor direction is the same as in the previous step 
command. After a delay determined by therwo field, a 
verification takes place if the V flag is on. If the u flag is 
on, the Track Register is updated. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the command. 


STEP-IN 


Upon receipt of this command, the FD179X issues 
One stepping pulse in the direction towards track 76. 
If the u flag is on, the Track Register is incremented 
by one. After a delay determined by the mri field, a 
verification takes place if the V flag is on. The h bit 
allows the head to be toaded at the start of the 
command. An interrupt is generated at the comple- 
tion of the command. 


STEP-OUT 


Upon receipt of this command, the FD179X issues 
one stepping pulse in the direction towards track 0. If 
the u ftag is on, the Track Register is decremented by 
one. After a delay determined by the nro field, a ver- 
ification takes place if the V flag is on. The h bit al- 
lows the head to be loaded at the start of the com- 
mand. An interrupt is generated at the completion of 
the command. 


TYPE tl COMMANDS 


The Type Il Commands are the Read Sector and 
Write Sector commands. Prior to loading the Type Il 
Command into the Command Register, the computer 
must toad the Sector Register with the desired sector 
number. Upon receipt of the Type il command, the 
busy status Bit is set. If the E flag = 1 (this is the 
normal case) HLD is made active and HLT is sam- 
pled after a 15 msec delay. If the E flag is 0, the 
head is loaded and HLT sampled with no 15 msec 
delay. The ID field and Data Field format are shown 
on page 13. 


When an JD field is located on the disk, the FD179X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next en- 


countered ID field is read and a comparison is again 
made. If there was a match, the Sector Number of 
the ID field is compared with the Sector Register. if 

7 there is not a Sector match, the next encountered ID 
field is read off the disk and comparisons again 
made. lf the ID field CRC is correct, the data field is 
then located and will be either written into, or read 
from depending upon the command. The FD179X 
must find an ID field with a Track number, Sector 
number, side number, and CRC within four revolutions 
of the disk; otherwise, the Record not found status bit is 
set (Status bit 3) and the command is terminated with an 
interrupt. 


IS 
TYPE I 
COMMAND 
ARCEIVED 


SET BUSY RESFT DRO LOST 
DATA RECORD NOT FOUND & 
STATUS BITS 5 & & INTAG 


INTRO. 
RESET BUSY 


COPY 'S FLAG FO) 
SSO LINT 796 7 ONLY 


MAS 

swe ® 

EXPIRED 
’ 


<> 
<> 


YES: 
VES 
NO 


RESET 1643 


WRITE 
PAOTECT 
ON 


INTRO RESET BUSY 
SEY WAITE PROTECT 


MROTE OH TRoT 6 THERE DS NO ISR DECAY 
ate 7 TBM. OK babe TROP RRP Pe WS DEG AY 


TYPE tl! COMMAND 
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Sector Length Table 


Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 


128 
256 
512 

1024 


01 


Each of the Type Ii Commands contains an (m) flag 
which determines if multiple records (sectors) are to 
be read or written, depending upon the command. I 
m = 0, a single sector is read or written and an inter- 
rupt is generated at the completion of the command. 
If m = 1, multiple records are read or written with the 
sector register internally updated so that an address 
verification can occur on the next record. The 
FD179X will continue to read or write multiple records 
and update the sector register until the sector regis- 


HAVE 
© INDEX HOLES INTAQ. RESET BUSY 

NOx SET REGORD-NOT FOUND, 
? 


HAS 
10AM 
BEEN 
DETECTED 
a 


ooes 
TR: TRACK 
ADORESS OF ID 
FIELD 
4 


SR SECTOR 
ADOARESS OF (D 


BARING IN SECTOR LENGTH FIELD 
STGRE LENGTH IN INTERNAL 
REGISTER 


1S 
SET CRO THERE A 
STATUS ERROR cA ERAOR 


TYPE Il COMMAND 


ter exceeds the number of sectors on the track or 
until the Force Interrupt command is loaded into the 
Command Register, which terminates the command 
and generates an interrupt. 


If the Sector Register exceeds the number of sectors 
on the track, the Record-Not-Found status bit will be 
set. 


The Type Il commands aiso contain side select com- 
pare flags. When C = 0, no side comparison is made. 
When C = 1, the LSB of the side number is read off the 
iD Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the 
ID search. If a comparison is not made within 5 index 
pulses, the interrupt tine is made active and the Record- 
Not-Found status bit is set. 


The 1795/7 READ SECTOR and WRITE SECTOR com- 
mands include a ‘b’ flag. The ‘b’ flag, in conjunction with 


the sector length byte of the iD Field, allows different 


byte lengths to be implemented in each sector. For IBM 
compatability, the ‘b’ flag should be set to a one. The 


INTRO RESET BUSBY 
SET RECORD-NOT FOUND 


HAS 
FIRST BYTE 
BEEN ASSEMBLED 
IN OSR 


HAS 
OR BEEN 
READ BY 


SET DATA 
COMPUTER 4OST 
ORG 9) 


i 
| 
| 


INTRO RESEF BUSY 


INTAG. RESEY BUSY 
SET CRC ERROR 


TYPE tl COMMAND 
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‘s’ flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 


READ SECTOR 


Upon receipt of the Read Sector command, the head 
is loaded, the Busy status bit set, and when an ID 
field is encountered that has the correct track 
number, correct sector number, correct side number, 
and correct CRC, the data field is presented to the 
computer. The Data Address Mark of the data field must 
be found within 30 bytes in single density and 43 bytes in 
double density of the last ID field CRC byte: if not. the 
Record Not Found status bit ts set and the operation is 
terminated. 

When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the 
DR, and DRQ is generated. When the next byte is 
accumulated in the DSR, it is transferred to the DR 
and another DRQ is generated. If the Computer has 
not read the previous contents of the DR before a 
new character is transferred that character is fost and 


DELAY 2 BYTES OF GAP 
SET ORO 
DELAY 8 BYTES OF GaP 
wee - INTRQ RESET BUSY 
ELAR Tats 


a 
OR BEEN 
LOADED BY 
COMPUTER 


GEL AY + BYTE OF GAP 


ai 


YES 
DELAY 11 BYTES 
TUPN ON WG & WRITE 
12 BYTES QF ZEROS 


TURN ON WG & WRITE 
6 BYTES OF ZEROS 


WRITE DATA AM 
ACCORDING TO a0 FIELD 
OF WRITE COMMAND 


DA TO OSR SET DRO 


WRITE BYTE TO DISK 


HAS 
DR GEEN SET OaTa 
LOADED 


st, LOST 
{DAO =O} WRITE BYTE 
2 OF ZERCS 


YES 


TYPE tl COMMAND 


the Lost Data Status bit is set. This sequence con- 
tinues until the compiete data field has been inputted 
to the computer. If there is a CRC error at the end of 
the data field, the CRC error status bit is set, and the 
command is terminated (even if it is a multiple record 
command). 


At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is re- 
corded in the Status Register (Bit 5) as shown below: 


STATUS 
BIT 5 _ 
1 Deleted Data Mark 
0 Data Mark 


WRITE SECTOR 


Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side num- 
ber, and correct CRC, a DRQ is generated. The FD179X 
counts off 11 bytes in single density and 22 bytes in 
double density from the CRC field and the Write Gate 
(WG) output is made active if the DRQ is serviced (i.e., 
the OR has been loaded by the computer). If DRQ has 
not been serviced, the command is terminated and the 
Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros 
in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Ad- 
dress Mark is then written on the disk as determined 
by the ao field of the command as shown below: 


ao Data Address Mark (Bit 0) 
1 Deleted Data Mark 
0 Data Mark 


The FD179X then writes the data field and generates 
DRQ’s ta the computer. if the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The 
command is not terminated. After the last data byte 
has been written on the disk, the two-byte CRC is 
computed internally and written on the disk followed 
by one byte of logic ones in FM or in MFM. The WG 
output is then deactivated. 


TYPE It] COMMANDS 
READ ADDRESS 


Upon receipt of the Read Address command, the 
head is loaded and the Busy Status Bit is set. The 


GAP | ID} TRACK SIDE |SECTOR|SECTOR |CRC|CRC} GAP | DATA 
it! | AM| NUMBER|NUMBER |NUMBER|LENGTH]| 1 2 il AM |DATA FIELD 


ID FIELD DATA FIELD 


next encountered ID field is then read in from the 
disk, and the six data bytes of the ID field are as- 
sembled and transferred to the DR, and a DRQ is 
generated for each byte. The six bytes of the ID field 
are shown below: 


TRACK SIDE SECTOR | SECTOR | CRC | CRC 
ADDR | NUMBER | ADDRESS | LENGTH 1 2 
ee ee 


Although the CRC characters are transferred to the 
computer, the FD179X checks for validity and the 
CRC error status bit is set if there is a CAC error. 
The Track Address of the !D field is written into the 
sector register. At the end of the operation an inter- 
rupt is generated and the Busy Status is reset. 


READ TRACK 


Upon receipt of the Read Track command, the head 
is loaded and the Busy Status bit is set. Reading 
starts with the leading edge of the first encountered 
nidex pulse and continues until the next index puise. 
As each byte is assembled it is transferred to the 
Data Register and the Data Request is generated for 
each byte. No CRC checking is performed. Gaps are 
inciuded in the input data stream. The accumulation 
of bytes is synchronized to each Address Mark en- 
countered. Upon completion of the command, the in- 
terrupt is activated. RG is not activated during the 
Read Track Command. An internal side compare is not 
performed during a Read Track. 


WRITE TRACK 


Upon receipt of the Write Track command, the head 
is loaded and the Busy Status bit is set. Writing 
starts with the leacing edge of the first encountered 
index pulse and continues unti! the next index pulse, 
at which time the interrupt is activated. The Data Re- 
quest is activated immediately upon receiving the 
command, but writing will not start until after the first 
byte has been loaded into the Data Register. If the 
DR has not been loaded by the time the index pulse 
is encountered the operation is terminated making 
the device Not Busy, the Lost Data Status Bit is set, 
and the Interrupt is activated. If a byte is not present 
in the DR when needed, a byte of zeros is substi- 
tuted. Address Marks and CRC characters are writ- 
ten on the disk by detecting certain data byte pat- 
terns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when 
any data byte from F8 to FE is about to be transfer- 
red from the DR to the DSR in FM or by receipt of 


F5 in MFM. 
CRC | CRC 
1 2 


In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 


missing. 


a 


SET BUSY RESET 
LOST RATA Sra 
Ptah 


cag 
The 


YES WRITE 2 Cac 
CHARS (im fF ~ ] 


OPY S Fi aG Ti 


x D 
S5Q LINE 19795 7 CRY) 


1 
' 
WG, NTRG 
AFSET aUSY 
! 


aye, 
INDEX MARE > 


a 


re) at “ 
co cane mf ens ps 
“ nas 


VARI Be MERA 
AMET RMIGSIME Oo OOK 
Unit 
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WRITE DSF 
tN ORME 


SET INTAQ 
LOST DATA 
RESET BUSY 


TYPE Il! COMMAND WRITE TRACK 


TYPE Ill COMMAND WRITE TRACK 
CONTROL BYTES FOR IN!TIALIZATION 


FD179t/3 INTERPRETATION 
IN MFM (ODEN = 0) 


FD179X INTERPRETATION 
IN FM (DDEN = 1) 


DATA PATTERN 
IN DR (HEX) 


Write 00 thru F4, in MFM 
Write A1l* in MEM. Preset CRC 
Write C2** in MEM 


Write 00 thru F4 with GLK = FF 
Not Allowed 
Not Allowed 


00 thru F4 


F7 Generate 2 CRC bytes Generate 2 CRC bytes 

F8 thru FB Write F8 thru FB. Clk = C7, Preset CRC Write F8 thru FB. in MFM 

FC Write FC with Clk = D7 Write FC in MFM 

FD Write FD with Glk = FF Write FD in MEM 

FE Write FE, Clk = C7, Preset CRG Write FE in MFM 

FF Write FF with Clk = FF Write FF in MEM H 


*Missing clock transition between bits 4 and 5 **Missing clock transition between hits 3 & 4 
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SET BUSY 
RESET STATUS 
BITS 2, 4,5 


COPY'S FLAG 


TO SSO LINE 
(1795/7 ONLY) 


SET HLD 


DELAY 15MS* 


“It TEST= 6 NO DELAY 


It TEST =1 and CLK= 1 MHZ, 30 MS DELAY 


NO 


INTRO 
RESET BUSY 


READ 
ADDRESS 


SHIFT ONE BIT 
INTO DSA 


SET INTRO 
RESET BUSY 


ADDRESS 
MARK DETECTEC 
? 


YES 


HAVE B 
BITS BEEN 
ASSEMBLED 
) 


SET LOST 
DATA BIT 


TRANSFER 
OSA TO DR 


TYPE It| COMMAND 
Read Track/Address 
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TYPE iV COMMAND 


FORCE INTERRUPT 


This command can be toaded into the command re- 
gisier at any time. If there is a current command 
under execution (Busy Status Bit set}, the command 
will be terminated and an interrupt will be qenerated 

when the condition specified in the fo through Is tield 
HAVE 6 RESET Busy 


INDEX HOLES SET INTRO is detected. The interrupt conditions are shown be- 
PASSED SET RNE low: 


q 


lo = Not-Ready-To-Ready Transition 

|, = Ready-To-Not-Ready Transition 

lz = Every Index Pulse 

fs = immediate Interrupt (requires reset, see 


HAS Note) 
iDAM BEEN 


DETECTED NOTE: !fio — ls = 0, there is no interrupt generated but 
the current command is terminated and busy ts 
reset. This is the only command that will enable 
the immediate interrupt to clear on a subse- 
quent Load Command Register or Read Status 
Register. 


SINTO DSA STATUS DESCRIPTION 


_ Upon receipt of any command, except the Force In- 
terrupt command, the Busy Status bit is set and the 
rest of the status bits are updated or cleared for the 
new command. If the Force Interrupt Command is 
received when there is a current command under 
execution, the Busy status bit is reset, and the rest of 
the status bits are unchanged. If the Force Interrupt 
command is received when there is not a current 
command under execution, the Busy Status bit ts 
reset and the rest of the status bits are updated or 
cleared. In this case, Status reflects the Type | com- 
mands. 


TRANSFER 
BYTE TO OR 


SET DRO 


The format of the Status Register is shown below. 


(BITS) 
(7 [ets fatsate2tTityo | 


TRANSFER TRACK 
NUMBER TO SECTCR 
REGISTOP 


Status varies according to the type of command exe- 
SET CRC cuted as shown in Tabte 6. 
ERROR BIT 


SET INTRG 
RESET BUSY 


TYPE tll COMMAND 
Read Track/Adnrass 
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FORMATTING THE DISK 


(Refer to section on Type Ill commands for flow diag- 
rams.) 


Formatting the disk is a relatively simple task when 
operating programmed W/O or when operating under 
Formatting the disk is accomplished by positioning 
the R/W head over the desired track number and is- 
suing the Write Track command. Upon receipt of the 
Write Track command, the FD179X raises the Data 
Request signal. At this point in time, the user loads 
the data register with desired data to be written on 
the disk. For every byte of information to be written 
on the disk, a data request is generated. This sequ- 
ence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears 
in the data register is written on the disk with a nor- 
mal clock pattern. However, if the FD179X detects a 
data pattern of F5 thru FE in the data register, this is 
interpreted as data address marks with missing 
clocks or CRC generation. For instance, in FM an FE 
pattern will be interpreted as an ID address mark 
(DATA-FE, CLK-C7) and the CRC will be initialized. 
An F7 pattern will generate two CRC characters in 
FM or MFM. As a consequence, the patterns F5 thru 
FE must not appear in the gaps, data fields, or ID 
fields. Also, CRC's must be generated by an F7 pat- 
tern. 


Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 1024 
bytes. 


IBM 3740 FORMAT—128 BYTES/SECTOR 


Shown below is the IBM single-density format with 
128 bytes/sector. In order to format a diskette, the 
user must issue the Write Track command, and load 
the data register with the following values. For every 
byte to be written, there is one data request. 


HEX VALUE OF 
BYTE WRITTEN 


FF {or 00)! 

00 

FC (Index Mark) 

FF (or 00) 

00 

FE (ID Address Mark) 
Track Number 

Side Number (00 or 01} 
Sector Number (1 thru 1A) 
00 

F7 (2 CRC’'s written) 

FF (or 00) 

00 

FB (Data Address Mark) 
Data (IBM uses E5) 

F7 (2 CRC’'s written) 

FF (or 90) 

FF (or 00} 


NUMBER 
OF BYTES 


40 


*Write bracketed field 26 times 


“Continue writing until FD179X interrupts out. 
Approx. 247 bytes. 
1-Optional ‘00’ on 1795/7 only. 


BESSING LL tae THANESTIOR 

BETWEEN BITS @ AND S 
TMSSING CLEC T 

BE WEFN BIT! - ANG & 


BITE Nea HEE RIE ORE ATE 
VE PRR Sens Meta SEL 


IBM TRACK FORMAT 
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IBM SYSTEM 34 FORMAT- 
256 BYTES/SECTOR 


Shown below ts the 1BM dual-density format with 256 
bytes/sector. In order to format a diskette the user 
must issue the Write Track command and ioad the 
data register with the following values. For every byte 
to be written, there is one data request. 


NUMBER 
OF BYTES 


HEX VALUE OF 
BYTE WRITTEN 


4E 


12 00 

3 F6 
1 FC (Index Mark} 

4E 

00 

F5 


FE (!D Address Mark) 
Track Number (0 thru 4C) 
Side Number (0 or 4) 
Sector Number (1 thru 4A) 
ot 

F? (2 CRCs written) 

4E 

00 

F5 

FB (Data Address Mark) 
DATA 

F7 (2 CRCs written) 


4E 
_. Ee 4 


| * Write bracketed field 26 times 
, **Continue writing until FD179X interrupts out. 
| “ope Approx. 598 bytes 


3 
1 
1 
' 
; 
; 
| 
22 
| 12 
3 
256 


ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS 

Vee With Respect to Vss (Ground) =15 to -0.3V 

Max Voltage to Any Input With =15 to —0.3V 
Respect to Vss 

Vop * 

OPERATING CHARACTERISTICS (DC) 
TA = OC to 70°C. Von = + 12V = 


ID ma Nominal Voc = 35 ma Nominal 


___ SYMBOL 


CHARACTERISTIC 


Input Leakage 
QOuteut Leakage 


; Vin Input High Voitage 
i Vi input Low Voltage 
Vou Output High Voltage 


Output Low Voltage 
Power Dissipation 


Operating Temperature 
Storage Temperature 


MIN. Max. | UNITS CONDITIONS 


1. NON-IBM FORMATS 


Variations in the IBM format are possible to a limited 
extent if the following requirements are met: sector 
size must be a choice of 128, 256, 512, or 1024 bytes: 
gap size must be according to the following table. Nat= 
that the Index Mark is not required by the 179X. The 
minimum qap sizes shown are that which is required hw 
the 179X, with PLL lock-up time, motor speed variaticn, 
etc., adding additional bytes. 


— 


16 bytes FF 32 bytes 4E 


11 bytes FF 22 bytes 4& 


6 bytes 00 12 bytes 06 


3 bytes Aji 


10 bytes FF 24 bytes 4E£ 


3 bytes 43 


4 bytes 00 8 bytes 00 


16 bytes FF 16 bytes 4E 


*Byte counts must be exact. 
**Byte counts are minimum, except exactly 3 bytes 


of Ai must be written. 


°C to 70°C 
—55°C to +7125°C 


+ .6V, Vss = OV, Vec = + 5V + .25V 


Vin = Voo | 
Vout = Von 
lo = =1AMmA | 


TIMING CHARACTERISTICS 
Ta = 0°C to 70°C, Von = + 12V = .6V, Vss = OV, Voc = +5V + .25V 


READ ENABLE TIMING 


eV [eae Sa es | coerns 


Setup ADDR & CS to RE_ 
Hold ADDR & CS trom RE 
RE Pulse Width 

DRQ Reset from RE_ 
INTRQ Reset from RE 
Data Access from RE 
Data Hold From RE 


C. = 50 pf 


See Note 5 
= 50 pf 
C. = 50 pf 


ee 1A OR 2 US 
J Tora 


NOTE | CS MAY BE PERMANENTKY TIED LOW If DESIRED 
“TIME DOUBLES WHEN CLOCK = thime 


1 SEAVICE (WORST CASE} 
"FM. 27$uS 


"MEM - 135 uS 


READ ENABLE TIMING 


19 


WRITE ENABLE TIMING 


Setup ADDR & CS to WE 
Hold ADDR & CS trom WE 
WE Pulse Width 

DRQ Reset from WE 
INTRQ Reset from WE 
Data Setup to WE 
Data Hold from WE 


INPUT DATA TIMING: 


SYMBOL CHARACTERISTIC | MIN. [| TYP. | MAX. 


CONDITIONS 


See Note 5 


-—Syweo. | _chanacrenisric {| MIN._[ TYP._| MAX. | UNITS | CONDITIONS _ 


Raw Read Pulse Width 


Raw Read Cycle Time 


RCLK Cycle Time 
RCLK hold to Raw Read 
Raw Read hold to RCLK 


DATA MUST 
BE VALID 


ele 


NOTE 3 CS MAY BE PERMANENTLY TIEC LOW IF OFSIREC 
2 WHEN WRITING GATA INTO SECTOR TRACK OR DATA 
RE” ISTER USEP CANNOT FEAQ THIS REGISTER UNTIL 
AT LEAST 4 SEC IN MFM AFTER THE RISING EOGE OF WE 
1 sEAVICE WORST CATE: WHEN WRITING INTO THE COMMAND REGISTER STATUS 
tba Aas i NOT VAUD UNTIL SOME 28 y SET NFA SEC it MFM 
‘Meh SP as R_THESE TIMES ARE SOUBLED WHEN CLK a Abe 
“TIME pouBtES WEEN CLOCK 4MH 


WRITE ENABLE TIMING 


1500 
1500 


See Note 1 
1800 ns @ 70°C 
1800 ns @ 70°C 
See Note 1 


RAW READ 


INPUT DATA TIMING 


WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz) 


CHARACTERISTICS | MIN. | TYP. | MAX. | UNITS] CONDITIONS 


SYMBOL 
Twp 
Twg 
Tbc 

Ts 
Th 


Twt 


Twdl 


Twd2 


Write Data Pulse Width 450 500 
150 200 
Write Gate to Write Data 2 
1 
Write data cycle Time 2,3, or 4 
Early (Late) to Write Data 125 
Early (Late} From 125 
Write Data 
Write Gate off from WD 2 
4 
WD Valid to Clk 100 
50 
WD Valid after CLK 100 
30 


CLK 
{IMHZ)} 


550 
250 


nsec 
nsec 
psec 
SeC 
usec 
nsec 
nsec 


SEC 
SEC 


nsec 
nsec 
nsec 
nsec 


Fe = 


memo | me 


WRITE DATA‘CLOCK RELATIONSHIP 


iDDEN - D} 


WRITE DATA TIMING 


at 


+CLK Error 
MFM 
MFM 


FM 
MFM 


CLK=1 MHZ 
CLK=2 MHZ 
CLK=1 MHZ 
CLK=2 MHZ 


a 


MISCELLANEOUS TIMING: 


SYMBOL 


CHARACTERISTIC 


| min. | tye. | max. | units | CONDITIONS 


Clock Duty (low) 


j 
Clock Duty (high) nsec | 
Step Pulse Output sec See Note 5 ! 
Dir Setup to Step + CLK ERROR | 


Master Reset Pulse Width 
index Pulse Wicth 
Write Fault Pulse Width 


See Note 5 
pSeC 


tr 


ig: | 


} ‘ 
| Ie at fe 


ee ae ae 
ee a i meee 


MISCELLANEOUS TIMING 


NOTES: 

1. Pulse width on RAW READ (Pin 27) Is normally 3. tbc should be 2 4:5, nominal in MFM and 4 4s nominal 
100-300 ns. However. pulse may be any width if in FM. Times double when CLK =_ + MHz 
pulse is entirely witnin window. If pulse occurs in both 4. RCLK may be high or low during RAW READ (Polarity 
windows, then pulse width must be less than 300 ns is unimportant). 


for MFM at CLK - 2 MHz and 600 ns for FM at 2 5. Times double when clock = 1 MHz 
MHz. Times double for 1 MHz, 
2. APPL Data Separator is recommended for 8" MFM. 


NO 
ho 


Table 6. STATUS REGISTER SUMMARY 


READ READ READ WRITE WRITE 
ADDRESS SECTOR TRACK SECTOR TRACK 
NOT READY NOT READY NOT READY {NOT READY NOT READY 

0 0 WRITE WRITE 
PROTECT PROTECT 


WRITE FAULT } WRITE FAULT 


ALL TYPE | 
COMMANDS 
NOT READY 


WRITE 
PROTECT 


HEAD LOADED 


S7 


S6 


RECORD TYPE 


SEEK ERROR | RNF RNF RNF 0 
CRC ERROR’ |CRC ERROR CRC ERROR CRC ERROR 0 
TRACK 0 LOST DATA LOST DATA LOST DATA |LOST DATA LOST DATA 
INDEX DRQ DRQ DRQ DRQ DRQ 


BUSY BUSY BUSY BUSY BUSY BUSY 


STATUS FOR TYPE 1 COMMANDS 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and !ogically ‘ored’ with MR. 

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT 
input. 

S5 HEAD LOADED; When set, it indicates the head is loaded and engaged. This bit ts a logical “and” of 
HLD and HLT signals. 


S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 


$3 CRC ERROR CRC encountered in iD field. 


S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted 
copy of the TROO input. 

S1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 

SO BUSY When set command is in progress. When reset no command is in progress. 


STATUS FOR TYPE II AND [il COMMANDS 


BIT NAME 
This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type il 


37 NOT READY 

and Ili Commands will not execute unless the drive is ready. 

On Read Record: It indicates the record-type code from data field address mark. 
S4 RECORD NOT {When set, it indicates that the desired track, sector, or side were not found. This bit is 
$2 LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 

reset to zero when updated. 

dated. 


S6 WRITE PROTECT] On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a 
Write Protect. This bit is reset when updated. 
S5 RECORD TYPE/ 
WRITE FAULT 1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit 
is reset when updated. 
FOUND (RNF) reset when updated. 
53 CRC ERROR ff S4 is set, an error is found in one cr more ID fields; otherwise it indicates error in 
data field. This bit is reset when updated. 
St DATA REQUEST |This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up- 
When set, command is under execution. When reset, no command is under execution. 
23 
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WD1691 FLOPPY SUPPORT LOGIC (F.S.L.) 


FEATURES 
@ Direct interface to the FD179X 


@ Eliminates external FDC Logic 

© Data Separation/RCLK GENERATION 
@ Write Precompensation Signals 

@ VFOE/WF Demuttiplexing 

@ Programmable Density 

@ 8" of 5.25” Drive Compatible 

®@ All inputs and outputs TTL Compatible 
@ Single +5V Supply 


GENERAL DESCRIPTION 


The WD1691 F.S.L. has been designed to minimize the 
external logic required to interface the 179X Family of Floppy 
Disk Controllers to a drive. With the use of an external VCO, 
the WD 1691 will generate the RCLK signal for the WD1798X, 
while providing an adiustment pulse (PUMP) to contro! the 
VCO frequency. VFOE/WF de-multiplexing is also accom- 
plished and Write Precompensation signals have been in- 
cluded to interface directty with the WD2143 Clock Generator. 

The WD1691 is implemented in N-MOS silicon gate 
technology and is available in a plastic or ceramic 20 pin 
dual-in-line package. 


BLOCK DIAGRAM 


JUNE, 1980 


2, 3, 4,19 


10 


11 


12 


13 


| 14 


; 15 


; 16 


17, 18 


20 


WRITE DATA 
INPUT 


STROBE 


WRITE DATA 
OUTPUT 


WRITE GATE 


VFO ENABLE 
WRITE AULT 


TRACK 43 


View 


READ DATA 


READ CLOCK 


PUMP UP 


PUMP DOWN 


Double Density 
Enable 


Voltage 
Controlled 
Oscillator 


EARLY 
LATE 


V.. 


SYMBOL 


WDOUT 


WG 


VFOE/WE 


TG43 


PU 


VCO 


FUNCTION 


Ties directly to the FD179X WD pin. 


4 Phase inputs to generate a desire: Write Preccmpensation 
delay. These signals tie directly to the WO2143 Clock 
Generator. 


Strobe output from the 1691. Strobe will ‘atch at a high leve! 
on the leading edge of WDIN and reset to a low Jevei on the 
leading edge of 04. 


Serial, pre-compensated Write data stream ta be sent to the 
disk drive's WD line. 


Ties directly to the FD179X WG pin 


Ties directly to the FD179X VFOE/WF pin 


Ties directly to the FD179X TG43 pin, If Write Frecompen- 
sation is required on TRACKS 44-76 


Ground 


Composite clock and data stream input from the drive. 


RCLK signal generated by the WD1691. to be tied to the 
FD179X RCLK pin. 


Tri-state output that will be forced high when the WD1691 
requires an increase in VCO frequency. 


Tri-state output that will be forced low when the WD1691 re- 
quired a decrease in VCO frequency 


Doubie Density Select input. When Inactive (High), the VCO 
frequency is internally divided by two 


A nominal 4.0MHz (8” drive) or 2.0MHz ‘5.25” drive! master 
clock input. 


EARLY and LATE signals trom the FD179X, used to deter- 
mine Write Precompensation. 


+ 5V + 10% power supply 


DEVICE DESCRIPTION 


The WD1691 is divided into two sections: 


4) Data Recovery Circuit 
2) Write precompensation Circuit 


___The Data Separator or Recovery Circuit has four inputs: 
DDEN, VCO, RDD, and VFOE/WF; and three outputs: PU, 
PD and ACLK. The VFOE/WF input is used in conjunction 
with the Write Gate signal to enable the Data recovery circuit. 
When Write Gate is high, a write operation is taking place, 
and the data recovery circuits are disabled, regardless of the 
state on any other inputs. 


When VFOE/WF and WRITE GATE are low, the data 
recovery circuit is enabled. When the RDD line goes Active 
Low, the PU or PD signals will become active. If the RDD 
line has made its transition in the beginning of the RCLK 
window, PU will go from a HI-Z state toa Logic !, requesting 
an increase in VCO frequency. If the RDD line has made its 
transition at the end of the RCLK window, PU will remain in 
a HI-Z state white PD will go to a logic zero, requesting a 
decrease in VCO frequency. When the leading edge of RDD 
occurs in the center of the RCLK window, both PU and PD 
will remain tri-stated, indicating that no adjustment of the 
VCO frequency is needed. The RCLK signal is a divide-by- 
16 (DDEN=1} or a divide-by-8 (DDEN=0) of the VCO 
frequency. 


VFOE/WEF 


The Write Precompensation circuit has been designed 
to be used with the WD2143-01 clock generator. When the 
WD1691 is operated in a “single density only” mode, write 
precompensation as well_as the WO2143-01 is not needed. 
In this case, 01, $2, 03, 64, and STB should be tied together, 
DDEN left open, and TG43 tied to ground. 


in the double-density mode (DDEN=0), the signais Early 
and Late are used to select a phase input (@1 — $4) on the 
leading edge of WDIN. The STB line is latched high when 
this occurs, causing the WD2143-01 to start its pulse gen- 
eration. 02 is used as the write data pulse on nominal 
(Early=Late=$), 02 is used for early, and BS is used for late. 
The /eading edge of $4 resets the STB line in anticipation of 
the next write data pulse. When TG43=0 or ODEN=1, Pre- 
compensation is disabled and any transitions on the WOIN 
line will appear on the WDout line. If write precompensation 
is desired on all tracks, leave TG43 open (an internal pull-up 
will force a Logic |} while DDEN=0. 


The signals, DDEN, TG43, and RDD have internal pull- 
up resistors and may be left open if a iogic | is desired on 
any of these lines. 


HI-Z 

Hi-Z 

Hi-Z 
Enable 


The minimum Voh ievel on PU is specified at 2.4V, 
sourcing 200ua. During PUMP UP time, this output will “drift” 
from a tri-state to .4V minimum. By tying PU and PD together, 
a PUMP signal is created that will ba forced low for a de- 
crease in VCO frequency and forced high for an increase in 
VCO frequency. To speed up rise times and stabilize the 
output voltage, a resistor divider can be used to set the tri- 
State level to approximateiy 1.4V. This yields a worst case 
swing of + 1V; acceptable for most VCO chips with a linear 
voltage-to-frequency characteristic. 


Both PU and PO signats are affected by the width of the 
RAW READ {RDD) pulse. The wider the RAW READ pulse, 
the longer the PU or PD signal (depending upon the phase 
relationship to RCLK) will remain active. If the RAW READ 
pulse exceeds 250ns. (VCO = 4MHz, DDEN = 0) or 500ns. 
(VCO = 4MHz, N = 1), then both a PU and PO will occur 
in the same window. This is undesirable and reduces the 
accuracy of the externai integrator or low-pass filter to con- 
vert the PUMP signals into a slow moving D.C. correction 
voltage. 


Eventually, the PUMP signals will have corrected the 
VCO input to exactly the same frequency multiple as the 
RAW READ signal. The leading edge of the RAW READ 
pulse will then occur in the exact center of the RCLK window, 
and ideal condition for the FD179X internal recovery circuits. 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature under Bias .......... —25° to 70°C 
Voltage on any pin with respect 

to Ground (vss) . 00.22.22... eee -0.2 to +7V 
Power Dissipation ......2....00.00.0. 000 ccc ee cece ees tw 


DC ELECTRICAL CHARACTERISTICS 
T, = 6 to 70°C; Veo = 5.0V+10%; V,,=OV 


Storage Temp.—Ceramic—65°C to + 150°C 
Plastic—55°C to + 125°C 


NOTE: Maximum fimits indicate where permanent device 
damage occurs. Continuous operation at these timits is not 
intended and should be limited to those conditions specified 
in the DC Electrical characteristics. 


| SYMBOL ; PARAMETER _ a MIN TEST CONDITIONS 

Va | input Low Voltage -0.2 +0.8 Vv 

Ving Input High Voltage | 2.0 Vv 

Vor | Output Low Voltage 0.45 Vv lo. =3.2MA 

Von | High Level Output Voltage | 24 Vv lon = —200na i 
1 Mee Supply Voltage | 4.5 5.0 5.5 Vv 
| toe | Supply Current _ 40 100 | MA | __Alloutputs open _ 


AC ELECTRICAL CHARACTERISTCS 
T, = O° to 70°C, V.. = SV+ 10%; Vss = OV 


SYMBOL | PARAMETER 

| FIN VCO input Frequency 

| 

Rss RDD Pulse Width 

| Wea | EARLY (LATE) to WDIN 
| Pon PUMP UP/DN Time 

| W, |  WDIN to WDOQUT 

a tne Internal Pullup Resistor | 


TEST CONDITIONS 


DDEN=0 | 
DDEN=1 | 
| 


DDEN=1 


law 


PINS 
8,9, 11, 15 
only 


| 
INTESNAI. PULL-UP RESISTOR i 
t 


WRITE DATA TIMING (MFM) 


WRITE DATA TIMING (FM) 


TYPICAL APPLICATIONS 


Figure 1 illustrates the 1691 to FD1771-01 floppy disk con- 
troller. The RCLK signal is used to gate the RAW data pulses 
which are inverted by the 74LS04 inverter. Since RCLK will 
be high during data and low during clock a 74LS08 is used 
to switch the proper clock or data pulse to the FD1771. 


Shown in Figure 2 is a Phase-Lock Loop data separator 
and the support logic for a single and‘double-density 8” drive. 
The raw data (Both clock and data bits) are fed to the 
WD1t691 and FD179X. The WD1691 outputs its PU or PD 
signal, which is integrated by the .33uf capacitor and 330hm 
resistor to form a control voltage for the 74S124 VCO device. 
The 4.0MHZ nomina! output of the VCO then feeds back to 
the WD1691 completing the loop. The WD2143-01 is aiso 
used, providing write precompensation when in double-den- 
sity, from tracks 44-77, The DDEN line can either be con- 
trolled by a toggle switch or a logic level from the host 
system. 


74LS04 


To adjust write precompensation, issue a command to 
the FO178X so that write data pulses are present. This can 
be done with a ‘WRITE TRACK’ command and the IP line 
open, or a continuous ‘WRITE SECTOR’ operation. With a 
scope on pin 4 of the WD1691, adjust the precomp pot for 
the desired value. This will range fram 100 to 300 ns typically. 
The pulse width set on pin 4 ($1) will be the desired precomp 
delay from nominal. 


The data separator must be adjusted with the RDD or 
VFOE/MF line at a Logic |. Adjust the bias voltage poten- 
tiometer for 1.4V on pin 2 of the 74S124. Then adjust the 
range control to yield 4.0MHZ on pin 7 of the 74S124. 


1771-01 


XTDS 


FODATA 


FOCLOCK 


FIG. 1 
WD1691 to FD1771-01 INTERFACE 


SUBSTITUTING VCO’s 


There are other VCO circuits available that may be sub- 
Stituted for the 74124. The specifications required are: 


1) The VCO must free run at 4.0MHz with a 1.4V control 
signal. The WD1691 will force this voltage 1 Volt in 
either direction (i.e., .4V = decrease frequency, 2.4V 
= increase frequency). If a + 15% capture range is 
desired, then a 1 Voit change on the VCO input should 
change the frequency by 15%. Capture range should 
be limited to about + 25%, to prevent the VCO from 
breaking into oscilfation and/or losing lock because of 
naise spikes (causing abnormally quick adjustments of 
the VCO frequency}. Jitter in the VCO output frequency 
may further be reduced by increasing the integration 
capacitor/resistor, but this will also decrease the final 
capture range and lock-up time. 


2) The sink output current of the WD1691 is 3.2ma mint- 
mum. The source output current is —20Qua. Therefore, 
source Current is the limiting factor. Insure that the input 
circuitry of the YCO does not require source current in 
excess of —200ua. 


Another alternative is to use a voltage follower/level 
shifter circuit to match the input requirements of the VCO 
chosen. A more complex filter can be used to convert the 
PUMP UP/PUMP DOWN pulses to the varying OC voltage 
signal required by the VCO, achieving an optimum condition 
between lock-up time and high frequency rejection. 


— €© 200NS + 25 


RAW DATA 
FROM ORIVE | > 


27] RAW READ 


FD179X 


DAL, DRO, 


INTRO,_Ao, A, cPu 
WE, RE,CS _/ INTERFACE 
CLK, MA 
14 
= F2 a 
oe 74LS629 WD1691 
- WDIN 
RANGE 47K 100K 
50K 
ADJ : BIAS VOLTAGE 
ADJ 
8 re 
= oe 33uF 51 stp VFOE 
i 47K Wes 
1 04 03 02 01 
NOTE 34 334 — 36 a 
= 35 
= x1 04 03 02 01 << FRom 
WD2143-01 DRIVE 
$42 DIRC TRoo | 34 <7) 
PRECOMP ADJ 
5K a5 
1) ALL RESISTORS %W + 5% STEP READY ] 


2} SPECIFICATIONS = 
CAPTURE RANGE: +20% 
LOCK-UP TIME: 25sec 

(ALL ONE'S PATTERN, MFM) FIG. 2 

ie ell : 8" SINGLE/DOUBLE DENSITY FLOPPY INTERFACE 

68uf = .33yt 
6a 3an 


+a4/ 8 


es 
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WD2143-01 Four Phase Clock Generator 


FEATURES 


e TRUE AND INVERTED OUTPUTS 
® SINGLE 5 VOLT SUPPLY 

e TTL COMPATABLE 

@ ON CHIP OSCILLATOR 

@ XTAL OR TTL CLOCK INPUTS 

e 3 MHz OPERATION 

e TTL CLOCK OUTPUT 

@ PROGRAMMABLE PULSE WIDTHS 
« PROGRAMMABLE PHASE WIOTHS 
@ NO EXTERNAL CAPACITOR 

e NON-OVERLAPPING OUTPUTS 


\ 
2 
3 
4 
§ 
6 
7 
8 
9 


PIN CONNECTIONS 


GENERAL DESCRIPTION 


The WD2143-01 Four-Phase Clock Generator is a 
MOS/LS}I device capable of generating four non- 
overlapping clocks. The output pulse widths are 
controlled by tying an external resistor to the proper 
control inputs. All pulse widths may be set to the 
same width by tying the @PW tine through an exter- 
nal resistor. Each pulse width can also be individu- 
ally programmed by tying a resistor through the 
appropriate 61PW — 64PW control inputs. In addi- 
tion, the OSC OUT line provides a TTL square wave 
Output at a divide-by-four of the crystal frequency. 


WD2143-01 BLOCK DIAGRAM 


SEPTEMBER, 1980 


SYMBOL DESCRIPTION 


PIN NUMBER 


Four phase, non-overlapping outputs. These outputs are inverted 
(active low). 


Four Phase, non-overlapping cutputs. These outputs are true (active 
high). 


External XTAL connections. An external crystal tied to these pins will 
cause the oscillator to oscillate at the crystal frequency. 


A TTL compatable output that is a divide-by-four of the 
crystal frequency. 


OSC OUT 


External resistor inputs to control the individual pulse widths of each 
output. These pins can be left open if BPW is used. 


Q1PW-G4PW 


External resistor input to control all phase outputs to the same pulse 
widths. , 


- 


+5V + 5% power supply input 


DEVICE OPERATION 


Each of the phase outputs can be controlled individually 
by typing an external resistor from @1PW-@4PW to a 
+5V supply. When it is desired to have @1 through @4 
outputs the same width, the @1PW-@4PW inputs 
should be left open and an external resistor tied 
from the @PW (Pin 17) input to +12V. 


XTAL1 and XTAL2 can be connected directly to a 
series-resonant crystal, forcing the internal oscillator to 
oscillate to the crystal frequency. XTAL2 (pin 11) 
may also be driven by a TTL square wave with 
XTAL1 (pin 10) left open. Each of the four phase out- 
puts provide both true and inverted signals, capable 
of driving 1 TTL load each. 


TYPICAL APPLICATIONS 
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NOTES: 


Teq MEASURED FROM 90% Vy POINTS 
Tow MEASURED FROM 50% Voy POINTS 


SPECIFICATIONS 
Absolute Maximum Ratings 
Operating Temperature 


Voltage on any pin with 
respect to Ground 


Power Dissapation 


Storage Temperature 


WD2143-01 TIMING DIAGRAM 


Note: Maximum ratings indicate limits beyond which 
permanent damage may occur. Continuous operation at 
@° to +70° C these {imits is not intended and should be limited to the 
DC electrical characteristics specified. 
—0.5 to +7V 


1 Watt 


55° to +126° C 


DBC ELECTRICAL CHARACTERISTICS 


Veo = +5V + 5% R(GNPW) or R(GPW) - 5K. GND - OV Ta = 0° to 70° C 


TTL tow leve! output 


CONDITIONS 


TTL high ievel output loh «© 100 ua. 


XTAL in low voltage 


XTALin high voltage 


Supply Current All outputs open 


SWITCHING CHARACTERISTICS 


Veco =5V + 5%, GND = OV Ta=0° to70°C 


rel 


CONDITIONS 


CL = 30pf 
OPW = 5K 


XTALin to OSC out (¢ ) 


OSC out to @1 


Tnd Non-Overlap Time 
Tpr Rise Time (any output) CL =30pf 
Tpf Fall Time (any output) CL =30 pf 


OSC in Frequency 
External Resistor 


@PW or @nPW 


Pulse Width Differential OPW = 5K 


WD2143L-01 CERAMIC PACKAGE WD2143M-01 PLASTIC PACKAGE 


This is a preliminary specification with tentative device parameters and may be subject to change after fina) product characterization 1s 
completed. 


Information furnished by Western Digita! Corporation is believed to be accurate and reliable. However, no responsibility is assumed by 
Western Digital Corporation for its use; nor any infringements of patents or other rights of third parties which may result from its use. No 
license is granted by implication or otherwise under any patent or patent rights of Western Digital Corporation Western Digital Corpora- 
tion reserves the right to change said circuitry at any time without notice. 
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SECTION 1 
INTRODUCTION 


GENERAL 


This high-performance, teletype-compatible display 
terminal is an input-output device which transmits and 
receives information from a central processor or 
computer time-share system. This interactive terminal 
is designed to meet requirements in the 
telecommunications, data processing, and computer 
industries. Applications include small systems, time- 
sharing, information display systems, credit/oanking 
systems, and minicomputer/microcomputer systems. 


Data communication is possible using a modem and 
acoustic coupler or a direct computer-to-terminal 
connection via the EIA, RS232C (CCITT V.24) 
compatible interface connector at data rates up to 
49200 baud. A 20 milliamp current loop cable interface 
is an optional accessory. 


The basic terminal includes an upper/lower case 
typewriter style keyboard with contro! keys, 
communications electronics, and a 12” non-glare video 
display screen for a 24 tine, 80 character per line 
format. Data entry occurs in either a bottom fine mode 
with single line scroll up or a page mode. Options to the 
terminal include serial and parallel peripheral 
interfaces, coloured display screens, numeric pad and 
function keys, APL character set (non-overstrike), and 
many foreign keyboards and character sets. 


DISPLAY TERMINAL FEATURES AND OPTIONS 


The basic video display terminal is a stand-alone, ASCII, 
serial asynchronous computer peripheral for use on 
any system with an RS232C (CCITT V. 24) interface. 


Standard features on the terminal include: 


Detachable upper/lower style 


keyboard. 


case typewriter 


Switch selectable upper/lower case. 


Display of 1920 characters in a 24 line, 80 character 
per line format. 


12" anti-glare display screen. 
Normal or reverse video. 


Four-Way cursor flashing or steady-block or underline 
selectable. 


Front panel controls: Power Off/On, Local/Remote, 
Half/Full Duplex, Roli/Page, ASCII/APL switches. 


Transparent/Tape Mode switch allows display of 95 or 
128 characters. All control codes displayed when mode 
is On. 


Bottom line entry in Rolf Mode. 
Page overwrite in Page Mode. 


Automatic word wrap around on video display after the 
80th character position. 


Automatic alarm (Control! G, BEL code). 
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Auto-Repeat, characters repeat at 15 char/sec. 
Absolute x-y cursor addressing. 
Clear to ‘End of Line’ and ‘End ofScreen’ functons. 


8-position baud rate select switch on rear panel. Select 
from 110, 300, 600, 1200, 2400, 4800, 9600, 19200 
baud. 


Parity select switch on rear panel. 


EIA RS232C (CCITT V.24) communications interface. 
(20mA. current loop accessory available.) 


Serial or parallel peripheral interfaces (optional). 
Optional numeric pad and function keys. 


APL and many foreign keyboards and displays 
available. 


EXPORT version (230V/50Hz) easily user-configurable. 


TERMINAL OPTIONS 


OPTION APL Provides front panel switch selectable 
ASCI| and APL character set (no 
overstrikes). APL is typewriter paired. 


Serial Peripheral Interface. This 
switched EIA interface is bidirectional 
for use with a printer, cassette, floppy 
disc, or other serial peripheral devices. 
This port is enabled locally by 
depressing the PRINT key on the 
keyboard or remotely by the Control Q 
(Turn On) and Control S$ (Turn Off) ASCII 
codes. This option is implemented using 
a 25 pin DB Type connector located on 
the rear of the terminal. 


OPTION SPi 


OPTION PIP = Auxiliary Parallel input. ASCII input port 
used with accessory items such as the 
Bar Code Reader Interface (BRI). There 
are 7 input bit lines plus a strobe bit tine, 
power and control lines. This 25-Pin 


connector is jocated on the rear panel. 


OPTION CDS Coloured anti-glare display screen 


(specify Amber, Green). 


OPTION KB1 Adds a numeric pad and function keys 


to the keyboard. 


SECTION 2 
OPERATION 


2.1 OPERATING CONTROLS 


The main controls for establishing the terminai’s mode 
of operation, LOCAL, FULL, PAGE, and APL are located 
on the keyboard. These and other controls are as 
follows: 


CONTROL 
POWER 


FUNCTION 


Controls power to 
terminal (Part of 
Brightness control), 


LOCATION 
Front 


LOCAL When depressed, the 
terminal is in a LOCAL 
(Off-Line) mode. When 
up, the terminal is in 
REMOTE (On-Line) 


mode. 


Switch selects HALF 
(Up) or FULL 
(Depressed) DUPLEX 
mode. 


Keyboard 


FULL Keyboard 


Switch selects screen 
presentation mode, 
Page overwrite 
(depressed) or bottom 
line (Up) entry with 
scroll-up. 


When depressed, 
selects screen display. 
It is used with the APL 
character set. 


PAGE Keyboard 


APL Keyboard 


Thumbwheel switch 
selects one baud rate 
from 110, 300, 600, 
1200, 2400, 4800, 9600, 
19200 baud. 


Switch 
Pos. 


BAUD RATE Rear 


Baud 
Rate 
110 
300 
600 
1200 
2400 
4800 
9600 
19200 


Control knob adjusts 
brightness of screen 
display and POWER 


NMObhWNM = © 


BRIGHTNESS Front 


on/off. 

CAPS ONLY = Keyboard When depressed, the 
terminal is in CAPS 
LOCK mode. Shifts 
jower-case alphabetic 
characters to upper- 
case. 
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PARITY Rear Toggle switch selects 
odd, even or no parity 
(normally mark; may be 
internally changed to 
space parity). 

Switch selects 95 or 
128 character set 
display. All control 
codes displayed when 
switch is ON. 


TRANSPARENT Rear 


KEYBOARD FUNCTIONS 


All keyboard keys generate ASCI! codes with the 
exception of the BREAK Key. APPENDIX H identifies 
which codes are used for the individual characters and 
contro! functions. For example, Control M executes a 
carriage return. Characters repeat automatically if the 
key held depressed for more than .75 seconds. 
APPENDIX F shows keyboard layouts. 


BREAK 
The data output lines are put into a space condition for 
as long as the key is depressed. 


CONTROL CHARACTERS 

Control characters are transmitted by depressing the 
CTRL key and the character key simultaneously or by 
depressing the control key first and holding it down 
while depressing the character key. These codes are 
transmitted by the terminal. 


CURSOR LEFT (Control H) 

Moves the non-destructive cursor one character 
position to the left. If the cursor is positioned at the 
beginning of a line, issuing this command will have no 
effect. 


CURSOR RIGHT (Control U) 

Moves the non-destructive cursor one position to the 
right. When the cursor reaches the last character 
position in a line, it wraps around to the beginning of the 
next jine. In PAGE mode the cursor moves from the last 
position of the iast line to the first position of the first 
line when a cursor right command is issued. 


CURSOR DOWN or LINE FEED, LF (Control J) 


This command moves the non-destructive cursor down 
one line. Jf the cursor is on the bottom line the text 
scrolls up. In Page Mode the cursor moves to the top 
line. 


CURSOR UP (Controi Z) 


Moves the non-destructive cursor up one position. tf the 
cursor is on the top line, cursor remains fixed. 


CURSOR HOME (Control Y) 


Moves the non-destructive cursor to the upper left hand 
corner, without clearing screen. 


CLEAR (Control X) 


When this key is depressed, the entire screen is cleared 
of all information and the cursor moves to the upper left 
hand corner (allow 40 ms.). 
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2.4 


’ 


CLEAR TO END OF LINE (Control V) 


When this key is depressed. the line upon which the 
cursor is currently positioned is cleared from the cursor 
to the end of that line. the cursor position remains 
unchanged. 


CLEAR TO END OF SCREEN (Control W) 


When this key is depressed, all information is cleared 
from the cursor position to the end of the screen. The 
cursor position remains unchanged {allow 40 ms.). 


RETURN (Control M) 


When depresseag, the cursor is moved to the beginning 
of the line on which it is positioned. 


CONTROL P (X-Y Cursor Addressing} 


Direct cursor positioning is provided following the 
receipt of the appropriate control code (Control P). The 
next character received will cause the cursor to move 
to a line position (Y direction) as defined in the table in 
APPENDIX A. tn a similar manner, the next character 
will cause the cursor to move to a character position (X 
direction) as defined in the table. Note that motion can 
be inhibited in one direction or the other. 


ESC (Escape) 


When depressed, the ASCI! code for the ESCAPE 
function is transmitted, but not displayed. When 
received, the code has no effect on terminal operation. 


TURN-ON PROCEDURE 


Become familiar with all controls, switches, and 
indicators on the terminal before attempting to sign on 
to any computer system. The following procedure 
should be followed when signing on: 


1. Turn the BRIGHTNESS control knob clockwise to 
turn the power ON. 

2. Place LOCAL switch on keyboard to LOCAL. 

3. Depress a few character keys to fill the screen with 
a few lines of characters. 

4. Adjust BRIGHTNESS control knob to display bright, 
crisp characters. 

5. Execute a CONTROL X (or depress CLEAR key) to 
clear screen and home the cursor. 

6. Set the PARITY ODD/EVEN/NO toggle switch on rear 
panel to required position. 

7. Select the BAUD RATE to be used with the rear 
pane! thumbwheel switch. 

8. Set the LOCAL keyswitch to the Up position and the 
FULL Duplex (Up for HALF, down for FULL} 
keyswitch to the required position and begin sign-on 
procedure. 


MODES OF OPERATION 
LOCAL 


In the LOCAL MODE, no signal transmission is made to 
the computer through the input/output connectors on 
the rear panel. LOCAL MODE may be used for testing 
keyboard functions or working in an off-line mode. 
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HALF DUPLEX, REMOTE 


In this mode data is simultaneously displayed on the 
screen and transmitted to the computer each time a 
key is depressed. 


FULL DUPLEX, REMOTE 


in this mode, two way communications exists between 
terminal and computer. When a key is depressed, the 
data is transmitted to the computer and then displayed 
on the terminal screen only after the computer has 
echoed back the character for display verification. The 
terminal's operator is assured character-by-character 
verification of the transmitted data. 


TRANSPARENT/TAPE 


When the TRANSPARENT MODE switch located on the 
rear chasis is in the ON position all control codes 
received by the terminal from the computer or keyboard 
are displayed on the screen. No cursor control codes 
are active and all data is continuously displayed as one 
string, wrapping around at the 80th character position. 
Control! characters are displayed preceded by a small c 
to identify them as such (i.e. Control G is Ce, Control X is 
Cx, etc.). This mode is extremely useful for debugging 
computer programs or monitoring completely the 
communications line data. 


COMMUNICATIONS INTERFACE 


This consists of a 25-PIN, rear panel input/output 
connector marked ‘SERIAL DATA (RS232-C DTE)” and 
conforms to the ElA RS232C (CCITT V.24) standards. 
The pin connections are described in APPENDIX B. A 
20 mA current loop can beimplemented using a specia! 
cable assembly, Part Number Cl04-2M. 


RECOMMENDED EIA CABLING LENGTHS 


BAUD MAXIMUM CABLE 
RATE LENGTH (M) 
110 2400 
300 1200 
600 600 
1200 300 
2400 150 
4800 75 
9600 40 


For speeds greater than 2400 Baud and lengths greater 
than 15 meters, all data and control signals should be 
carried as twisted pairs using pins 1 to 7 as returns. 


MODEMS AND ACOUSTICAL COUPLERS 


If external modems and couplers are used, connection 
to the terminal is made through the 25 PIN RS232C 
(CCITT V.24} connector. When the computer operates 
in HALF DUPLEX mode the modem and the terminal 
must be operating in different modes, otherwise, 
characters will be repeated on the terminal display 
screen due to the signal echo back from the modem 
and the locally generated character. 
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SECTION 3 
INSTALLATION 


INITIAL INSPECTION 

Inspect the terminal for physical damage. Check the 
switches, connectors, and video screen. The original 
shipping carton should be kept for possible future 
shipping of the terminal. 


CLAIMS FOR TRANSIT DAMAGE 

If physical damage is evident or instrument does not 
perform correctly when received, notify the nearest 
Volker-Craig Ltd. Sales/Service office. Arrangements 
will be made for repair or replacement of the terminal. 


VISIBLE DAMAGE 

1. Accept the merchandise and sign the receipt as 
damaged. 

2. Keep all packing materials. 

3. Notify Volker-Craig Ltd. shipping department of the 
damage, waybill number, and all other pertinent 
information. 

4. Call the carrier 
inspection. 

5. Return the merchandise via the same carrier to 
Volker-Craig Ltd. INCLUDE A COPY OF THE 
CARRIER’S INSPECTION REPORT WITH THE 
SHIPMENT. 


HIDDEN DAMAGE 

1. CALL THE CARRIER AND REQUEST AN IMMEDIATE 
INSPECTION. 

2. Notify Volker-Craig Ltd. shipping department. 

3. Keep all packing materials. 

4. Return the merchandise via the same carrier to VCL. 
INCLUDE A COPY OF THE CARRIER’S INSPECTION 
REPORT WITH THE SHIPMENT. 


INSTALLATION 

The Volker-Craig Terminal can be installed in a number 
of configurations and locations. Its portability lends 
itself to being moved easily from one location to another 
as user requirements change. For use with a telephone, 
an acoustic coupler can be plugged in directly. 


All cable connections are made at the rear panel of the 


and request an immediate 


terminal. The following cable connections are 
necessary: 
1. Power cable from terminal to AC outlet 


115V +/-10VAC, 50/60 Hz. With the export model 

these units require the power cable to be connected 

to an AC outlet 230V+/-20VAC 50/60 Hz. The 
internal refresh rate switch must agree with the line 
frequency. 

2. Video cable from termina! rear panel connector 
marked VIDEO to monitor (if remote slave monitor is 
required, impedance = 75 ohms). 

3. One of the following interfaces is required: 

A. An RS232C (CCITT V.24) 25-pin connector and 
cable from central computer, multiplexer, or 
external modem, to the rear panel connector 
marked SERIAL DATA. 

B. if a 20 mA. current loop interface is required, 
connection is made to the same connector using 
a special interface cable (P/N Cl04-2M). 
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SECTION 4 
SALES-SERVICE SUPPORT 


WARRANTY 


Volker-Craig Ltd. warrants all products against defects 
in materials and workmanship for a period of ninety (90) 
days from the date of shipment. The warranty is limited 
to the servicing and adjustment of any product returned 
to Volker-Craig Ltd. for that purpose. included is the 
replacement or repair of any product or any part 
thereof. Transportation charges must be prepaid by the 
purchaser. 


This warranty shall not apply to any product or part 
thereof that is defective or unworkable due to abuse, 
mishandling, accident, alteration, negligence, or 
improper installation. Volker-Craig Ltd. reserves the 
tight to service equipment at the customer's site. No 
other warranty is expressed or implied and Voiker-Craig 
Ltd. is not liable for consequential damages. 


SERVICE REQUESTS 


Volker-Craig Ltd. is concerned with “after sales” 
service Support. To ensure fast and efficient service we 
suggest the following procedure when calling VCL main 
plant or any sales/service office. 


1. Give the Volker-Craig model number and serial 
number of the defective instrument (an Instrument 
History file and Unit Contro! Record is kept on each 
instrument). 


2. Supply the exact physical location of the equipment, 
ie., building, department, room number, and/or 
person to contact for further information. 


3. Describe to the best of your ability the nature of the 
trouble so that we may form a “‘mental picture”’ of 
the probiem. (Many service problems are solved 
over the telephone). 


4. The necessary action to solve the outstanding 
problem will be taken by VCL personnel as quickly as 
possible. 
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DIRECT X-Y CURSOR ADDRESS COMMAND (CTRL P.Y.X) 


The cursor address command allows the cursor to move to the screen position specified by the next two characters. The 7 bit 
ASCII code for the first character entered gives the Y-Position and the 7-bit ASCII code for the second character entered gives 
the X-Position. The character co-ordinates are in binary format (offset by 20 Hex). 


X-POSITION CHARACTER X-POSITION CHARACTER Y-POSITION CHARACTER 
(Space) 41 (Space} 

42 t 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 (circumflex) 
63 __ (underscore) 
64 * (grave accent) 
65 
66 
67 
68 
69 
70 
71 
72 
73 


WOONONA WN-O 
OOnNOnAAWNH +O 
4) de wee - 
4+ * feo 0 A EF 


4 INXKXE<KCHMRVOVOZEOH ACT 


ANAM WHO: 


No motion 


/ 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


No motion 


VoragTt*T TT aao Oo lomomom:’) 


TOMMOODPrPEE~ ~via 
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SERIAL DATA CONNECTOR SIGNALS 


Asynchronous Serial Data EIA RS232C (CCITT V.24) 
Connector Signals (25-PIN Fernale D-Connector) 


Pin Number Signal Description 

1 Chassis Ground 

2 Output (Transmit Data) 

3 Input (Receive Data) 

4 Request to send (Note 1) 
5 Clear to send (Note 2) 


7 Signal Ground 
11 Supervisory Transmit (Note 3) 
18 -12V DC 
20 Data Terminal Ready (Note 4} 


Note 1 In LOCAL mede RTS is OFF. In REMOTE mode RTS 
turns ON when a character is to be transmitted. 
RTS turns OFF after a control code has been 
transmitted. 

Note 2 CTS must be ON or open circuited to enabie data to 
be sent. In LOCAL mode this signal is ignored. 

Note 3. In LOCAL mode SA is OFF. In REMOTE mode SA is 
OFF except when the BREAK key is depressed or 
when the PRINTER BUSY signal is ON at the Serial 
Peripheral {nterface (see APPENDIX C). 

Note 4. in LOCAL made DTR is OFF. in REMOTE mode 
DTR is ON except when the PRINTER READY 
signal is OFF at the Seriai Peripheral interface (see 
APPENDIX C). 

Note 5 Ail other pins have no internal connections. 


RS232 SIGNAL DEFINITION 


Marking condition is indicated by a negative valtage from 3 
to 25, A Spacing condition is indicated by a positive voltage 
from 3 to 25. 


DATA idle (MARK) 


The lease significant bit (LSB) is received first during serial 
transmission. 


Space Pp 
+3to + 25V B B B 3 for2 
i } i r | Stop 
t t t i Bits 
Mark 1 3 7 t 
-3 10 -25V y 


There are 2 stop bits at 110 baud and 1 stop bit at all other 


speeds. 
APPENDIX C 


OPTIONS 
1. APL/ASCIl 


This option aliows the APL (no overstrikes) or ASCII 
character sets to be selected by the front panel APL/ASCII 
switch. The APL character set is typewriter paired and the 
keyboard is defined by clear decals with white legends 
iocated on the front of the ASCII keycaps. 


2 SERIAL PERIPHERAL INTERFACE (OPTION SPI) 
(AUDILIARY 25 PIN RS232C PORT) 


This bidirectional EIA interface is switched on/off from the 
keyboard by depressing the illuminating “PRINT” key. With 
the key depressed, it can also be controlled by means of 
control codes. Control Q (DC1) will turn on the port and 
Control S$ (DC3) will turn off the port (the light will extinguish). 


The 25 pin female D-connector signai descriptions and 
assignments follow RS232C (CCITT V.24) pin conventions 
(viewed as a modem port). The connector is located on the 
fear panel. 


PIN NUMBER DESCRIPTION 


PIN 41 GROUND 

PIN 2 INPUT (Transmit) DATA 

PIN 3 OUTPUT (Receive) DATA 

PIN 5 ON level (Clear to Send-Note 1} 
PIN 6 ON level (Data Set Ready-Note 1} 
PIN 7 GROUND 

PIN 8 ON level (Carrier Detect-Note 1) 


PIN 11. Printer Busy (Supervisory TX-Note 2} 
PIN 20 ‘Printer Ready (Data Terminal Ready-Note 
3) 


NOTES: 

Note 1 Pins 5, 6 and 8 are tied to a positive voltage 

Note 2 Control signal from printer on pin 11 is propagated 
to pin 11 on the main I/O connector if SPI is ON. 


Note 3 Data Termina! Ready signal from printer is 
propagated to pin 20 on main 1/O connector if SPI is 
ON. If not used, signal will default to ON. 


3. AUXILIARY PARALLEL INPUT (OPTION PIP) 


This option provides an auxiliary TTL compatible paralle! 
input to allow connecting parallel devices such as Bar Code 
Reader Interface or detached numeric key cluster to the 
auxiliary input of the terminal’s control (CON) card. When 
the auxiliary input is activated by the external device, the 
terminal's keyboard is disconnected. Once the data from 
the auxiliary device has been presented to the terminal, it is 
handied the same as keyboard data. The Input Acknowledge 
signal goes high when data can be accepted. 


The option is terminated on a 25 pin connector mounted on 
the rear panel of the terminal. 


PIN NUMBER SIGNAL DESCRIPTION 


PIN 1 SIGNAL GROUND 

PIN 2. INPUT BIT O 

PIN 3 INPUT BIT 1 

PIN 4 INPUT BIT 2 

PIN 5 INPUT BIT 3 

PIN 6 INPUT BIT 4 

PIN 7 INPUT BIT 5 

PIN 8 INPUT BIT 6 

PIN 9 INPUT BIT 7 (not used) 


PIN 10 INPUT STROBE’ 

PIN 11. INPUT ACKNOWLEDGE 
PIN 12 INPUT SELECT’ 

PIN13 +5VDC 


4, COLOURED DISPLAY SCREEN (OPTION CDS) 


This option ailows the selection of a coloured anti-glare 
display screen instead of the standard grey/white display. 
Specify amber or green. 
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5. NUMERIC AND FUNCTION KEYS (OPTION KB1) 


A numeric pad and function keys are added to the keyboard 
layout. This option is most useful for data entry applications 
and terminal requirements where user definable key 
commands are necessary. Twelve function keys appear as 
the top row of keys on the keyboard. These 12 keys issue the 
following ASCII] Control Codes: 


PF1 CTRL A (SOH) PF7 CTRL R (DC2) 
PF2 CTRL B (STX) PF8 CTRL T (DC4) 
PF3 CTRL C (ETX) PF9 CTRL \ (FS) 
PF4 CTRL D (EOT) PF10 CTRL | (GS) 
PF5 CTRL E (ENQ) PF11 CTRLA (RS) 
PF6 CTRL F (ACK) PF12 CTRL - (US) 
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ACCESSORIES 
CURRENT LOOP ADAPTOR CABLE (Cl04-2M) 


To operate the terminal in a current loop, a current loop 
cable (P/N Cl04-2M) must be ordered with the terminal. This 
cable contains an interface which connects the EIA levels to 
current loops. The cable is plugged into the 25-PIN SERIAL 
DATA connector. Current loop terminations do not appear 
directly on a rear panel connector. The Voltage-Current 
conversion circuitry is located within the cable. 


CURRENT LOOP SIGNAL DEFINITION 


A marking condition is indicated by a current flow of 20mA. 
A spacing condition is indicated by a lack of current flow. 
The least significant bit is the first data bit during 
communication. 


RS232C DATA COMMUNICATIONS CABLE (CE01-2M) 
Terminal to data set cable, 2 metres in length. This cable 
carries the signals between pins 1, 2, 3, 4, 7, and 20. 
MAC 


Modem and coupler. Designed for data communications 
over standard phone lines at rates to 300 baud. Modem 
circuitry is located in the external acoustic phone coupler. 
Plugs into SERIAL DATA connector using an RS232C 
Terminal to Data Set cable (Part No. CE01-2M) 


MT] 


Multiple Terminal Interface. Small compact switching box 
connects up to five terminals to one serial printer. Any one 
of five terminals is selected by a front panel rotary switch. 


BRI 


Bar Code Reader Interface. Connects Monarch Marking 
System 2243 parallel scanner to the terminal via the 
auxiliary parallel input option, OPTION PIP. 
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APPENDIX E 


INTERNAL SETTINGS 
BACKPLANE BOARD (BAC-1): 


it is possible to operate the terminal on a tine voltage of 
230VAC (+ or - 20V) or 115VAC (+ or - 10V). At either 
voltage the frequency may be 50 or 60 Hertz. The video 
refresh is not affected and this is separately adjustable. 


At the rear left corner of the main printed circuit board 
(when viewed from the front), two pairs of terminal posts can 
be seen. For 230V operation the black/yellow and the 
black/white wires should be connected to the posts marked 
“230”. For 115V operations, these wires should be 
connected to the posts marked ‘115’. 


CONTROL BOARD (CON-1): 


At IC (Integrated Circuit) location G6, six jumper pairs 
provide for the following features: 


LABEL FEATURE 


TSP When installed, this jumper permits normal 
operation in the transparent (or tape) mode. When 
not installed, the terminal will not display the 
control codes. 

FDX When installed, RTS is held high (ON) in FULL 
Duplex, but operates normatly in HALF Duplex. 
Both FDX and RTS jumpers shouid not be installed 
at the same time. 

RTS When installed, this jumper ties the RTS signal high 
(ON state). Without it, RTS is controlled by the 
terminal. Do not install both RTS and FDX jumper 
straps. 

SPC When installed, the NO PARITY position of the 
PARITY switch produces a SPACING condition. 
Otherwise, NO PARITY produces a MARKING 
condition. 

FILL Jumpering this pair causes a fast screen fill of the 
last character typed on the keyboard. 

RPT Jumpering this pair causes the last character typed 
to repeat at the maximum rate allowed by the 
BAUD RATE setting. 


DISPLAY BOARD (DIS-2): 


On the Display board, in IC location G4, there are four 
jumper pairs. These can control the following features: 


LABEL FEATURE 


FLASH/STDY When installed, the cursor will flash. Without 
the jumper, the cursor will remain stationary. 
When installed, the cursor is an underscore. 
Otherwise it is a solid block. 

50/60 When installed, the refresh rate of the video 
is 50HZ. When not installed, the refresh rate 
is 6OHZ. This rate should correspond to the 
power line frequency. 

When this jumper is installed, the screen 
display consists of black characters on a 
white background. When not. installed, 
normal video, i.e. white characters on a 
black background, is effected. 


LINE/BLK 


REV/NORM 


APPENDIX F 


VCL KEYBOARD LAYOUTS 


@ 
BREAK 
ela 
a koe 
CTRL} SHIFT SHIFT CLEAR 


TYPEWRITER LAYOUT (STANDARD) 


ihe Lee ll eS Be Pe er Wie | Re Soe BACK 
Bei 1] 24344 s6|7}/8a{/eta]+ |x SPACE 
TAB ?1lole|ri~| $+ : oe 
qa |w E| RIT Y i _ , ou 
CAPS r LJ G { 
[ex D> n : 2 | Se 
. 7 icles 


TYPEWRITER-PAIRED APL (OPTION APL) 


TYPEWRITER LAYOUT WITH NUMERIC PAD 
AND 
FUNCTION KEYS (OPTION KB1) 
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APPENDIX G 


VCL CHARACTER FONTS 


SF] er pl TT 
BB 1a Glalg 


RI 2IB Ri ble 
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UPPER/LOWER CASE ASCII TYPEWRITER Wael APL 
(STANDARD) (OPTION APL) 


APPENDIX H VC404 ASCII ENCODING CHART 


(Inctuding Hex-code Equivalents) 
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Codes generated and transmitted by terminal but no 
action taken on display. 


Hex-Code 


|| Displayed characters “All contro! Characters displayed in Transparent/Tape 


Terminal Functions Mode i.e. HT as ©§, STX as CB. 
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VC404 Specifications 


Terminal Type 


TTY compatible. 


Configuration VC404 
VC404/EXP Export version 230V, 50/60 Hz. Also 100V, 50/60 Hz. 
V¥C404/RO _ Receive only terminat (Deletes keyboard from VC404). 
Communication Code ee __. __ ASCII 
Type oe Serial asynchronous. 
Speed ee 110, 300, 600, 1200, 2400, 4800, 9600, 19200 — 
_ ee oe baud, externally switch selectable. ee 
Method ee ee. Character by character (conversational). _ ~ 
Mode __ _— Full or half duplex a 
Parity _ _ _ Odd/Even/Mark/Space, switch selectabie. ~ 
Intertace : ~ —_ EIA RS232C, CCITT-V.24 (20 mA currentloop 
ee _ 7 accessory availabie), _ ee 
Screen Dispiay Unit 30 cm (12 inch) non- glare. CAT. 
Presentation Dispiay Format _ oo ____ 24 tines X 80 characters, 1920 characters. 
Character Type _ a X 7 ‘dot matrix (7X 10 field). ~ 
Character Size ae — 2 mmx 4mm _ — 
Character Generation oC ROM/PROM. Oe 
Refresh Rate __ en _ 60 Hz., 80 Hz. switch selectable. ~— 
Retresh Memory —__ oe Static RAM. a 
__ Character Set 128 ASCII characters |. upper/tower Ci case. 
Keyboard __ ~~" Detached typewriter keyboard. with Auto Repeat, Line. Feed, Back Space, Cursor | Up, , Cursor R Right, ‘Home, ¢ Clear — 
Screen, Escape, Break, Tab, and Caps Lock Keys. ; oe 
Data Entry ~~ Roll Mode: Bottom line with single line roli- up. 7 oo 


Page Mode: Page overwrite, 


Terminal Functions 


~ Cursor a ~ Non-destructive, blinking block cursor. 


Control Functions — Lett, Right, Up, Down, Home, Clear and Home, Direct 
X-¥ cursor addressing using curser contro! command, 
EOL (Clear to End of Line), EOS (Clear to End jaf Screen}. 


Audible ‘Alarm 


_ On ‘receipt ot ‘Control G (BEL code) f from “computer or keyboard. 


Operator Controls _ 


Front Panel: Power Otf/On, Display E Brightness. 
Rear Panel: Baud Rate, Parity, Transparent/Tape Made. 
Keyboard: Local/Remote, Half/Full Oupiex, Roll/Page, ASCH/APL. 


Power _ 115 * 10 VAC, 50/60 Hz,50 VA Normal Operating Power, 2A CSA Approval maximum input current unit and attached 
_ peripherai, Optional 230+ 20 VAC 50/60 Hz, 50 VA. oe 

Overload Terminal: 1A Fast Blow (0. 6A Fast Blow with 230V Option) 

Protection _Oisptay; Internal 3A Fast Blow ; _ _ oe ne 

Physical “vC404 41 cm. WX 52cm. DX 34cm H. 14 kg 
V¥C404/RO 41 cm. W X 37 cm. D X 34cm. H, 12 kg 
Keyboard (KB404 Standard) 41 cm. WX 20 cm. D X 7 cm. H, 2 kg. 

ee _Keyboard (KB1) ve ce ee ee enero SOM. WX 22 em. DX 7 em. H, 3 kg_ a 

Documentation VC404 Operator's Manual. 

E404 Service Manual (Optional), .. ween _— aoe 

Options Interface Cables 

Option APL: APL/ASCIl Switchable Character Set — Typewriter. | CEOQ1-2M: RS232C (CCITT-V.24) Terminal to Data Set 
Paired (no overstrikes} __ . Cable 

Option SPI: _ Switched § Seriat Bidirectional Peripheral Interface _ C104-2M: 20 mA. Current ‘Loop ‘Adaptor | Cable 

Option PIP: _ Parallel ‘Interface Port oo 

Option COS: Coloured Anti-Glare Display Screen 
(specify Amber, Green) _ ee 

Option KBt _ Numeric “Pad ‘and Twelve Function Keys ee 

Option SSO: Split Speed Option. Transmit and receive 


speeds can differ. 


Option CCS: 


“Custom Character Set 


(Swedish, German, French, etc.) 


volker-craig volker-craig wmiced 


Specifications subject to revision without notice. 


volker-craig inc. 


266 Marsland Drive, Watertoo, Ontaria N2J 321 Canada 333 Metre Park 
#P (519) 864-9300 Telex: 069-55327 Rochester, New York 14623 USA 


Toronto ®¥ (416) 456.2070 |p (716) 475 1221 
volker-Craig europeag volkern-Craig (UK) imited 
P.O. Box 2,Lochackerstr 4 Valker-Craig House, Olde Estate. Tolpits Lane, 

8423 Emborach-Embraport, Switzerland Watford, Herttordshira, England 


TP (411) 865-2280 Taiex: 45-57008 ? 0923-71378 Telex: 51-25102 


The Printer 


Manufactured by NEC Information Systems tnc. 
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PROPRIETARY NOTICE 
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Specifications remain subject to change to allow’ the 
introduction of design improvements. 


Sepyright 1979 © 
NEC Information Systems, Inc. 
5 Militia Drive 
Lexington, MA 02173 


Printed in U.S.A. 


CONTENTS 


CHAPTER 1 INTRODUCTION 


1.1 DESCRIPTION... eaeee e@eese oee eeeeeeertes 
1.2 SPECIFICATIONS......+...e- ace e nee eeean 
1.3 RELATED DOCUMENTS... cee rece ecccce 


CHAPTER 2 OPERATING INSTRUCTIONS 


2.1. OPERATOR CONTROL PANEL.....2-.2206 gots, Java ehe re Veite ar ere ces 
aes KEYBOARD (MODELS 5520/5525 ONLY)........ EBaae was 
2.2.1 Alphanumeric Section........ GS ictieceouhare ea e%e 
2.2.2 Numeric SECELON ss 6 eee eS Se ce BS ere aH areei gts 
2.2.3 Control Section.......... oh Saat wna sal ie eiaata eis 
2.3 PAPER POSITIONING AND PRINTING ADJUSTMENTS...... ° 
2.4 PAPER LOADING INSTRUCTIONS ......cc sc cccnenceas eee 
2.4.1 Friction~Feed Paper Loading..........0e. 4 
2.4.2 Pin-Feed Paper Loading......... is igtavdice areolar 
2.4.3 Porms-Tractor Paper Loading.....ceweseees 
2.5 SPINWRITER PREPARATION........ re ee ee Ste lovato bonis ka 
2.6 TYPICAL OPERATING PROCEDURES ....ccccccccese we eieceie es 
2.7 SELF-TEST MODE...... Date hella aca ge Ras Aes a ace ee a 


2.8 TROUBLESHOOTING GUIDE... eeeaee 


CHAPTER 3 MAINTENANCE AND REPLACEMENT PROCEDURES 


Sed MAINTAINING HIGH QUALITY PRINT...... 
S02 RIBBON CARTRIDGE REPLACEMENT..... eae 
363 PRINT THIMBLE REPLACEMENT. .....5.2.- 
Sid FRICTION-FEED ASSEMBLY REMOVAL...... 


iii 


e@eeeeevnvneevate 


CONTENTS (contd) 


Page 
3.5 FORMS-TRACTOR ASSEMBLY REMOVAL......-ccecseeceses 3-4 
3.6 PIN-FEED PLATEN REMOVA Lisa: e:8646i0 0 a0 bb 68 ere eb 8 6 we ee 3-6 
3.7 FRICTION-PLATEN REMOVA Wiis. 5018 6 os © eed oe ie eves ees, Oe ee 3-7 
APPENDIX A MODELS 5510/20... 2c0ccsseereeecees eee reece te’ A-1 


APPENDIX B MODELS BSUS 25 ei ors epee eis Se Srdie ace ee bs Sle 4S BS eho eee B-1 


GLOSSARY... cece cceccanses e@oenwae eeeoreeoete eee eene oeeeees -Glossary-1l 


en het 
WHI AUe WN Fe 


arias WWWNNNM DN DDN 
I 
AU & 


ILLUSTRATIONS 


Title 


SPINWRITER Controls and External Components..... 
SPINWRITER Terminals Operator Control Panels.... 
Keyboard Layout (Models 5520/5525 Only)......... 
PLiINter® CONELOLS « siei6 cise ei eete es. 0 bc 600 608 00's 0 6.8 0 880 
Rear Paper-Feed Path ..wccccccnscccssccccesscvcas 
Bottom Paper-Feed Path - (Optional Feature)..... 
Typical Test Pattern Printout. .cccccsccccvcvvves 
Ribbon Cartridge Removal...cccccccceccvevceevvecs 
Print. Thimble Removals: soc vevisescdasescsseveree 
Friction-Feed Attachment Removal (Right Side 

ONLY: aiase erates ca lere ee aie aS ain: waren pee e ence caccecson 
Forms-Tractor Assembly Removal....ceccssccsccces 
Pin-Feed Platen Removal....... #000569. 60 0 84-4 eels 86 
Friction-Platen Removal...scscccccccaces isis wieless 


TABLES 
Title 


SPINWRITER Terminals Specifications.....ccccceee 
Operator Control Panel. seca sccccnnacsssccccccaes 
Troubleshooting Guide. .ccccccccncveccscccccccvee 
CTRL Control Key Functions. ..cccecccccccscccscee 
ESCAPE. ROY EUNCEIONS s646 6 is oeces ou sedewe See 064 RS 
Hori zontal: Tab FUNCELON << 66 s06 ad Ss aeew dienes 
Absolute Vertical Tab FunctionsS....ccseccccccoes 
Spacing and Form Advance Control....cccccssscecs 
ASC LI (COGiING: Charces. 6 wip 0G.c's wana a 500d ace W.boe ware eas 
Diablo-Compatible Plus Xerox-Compatible Plus 

Escape Key FunctionS.csscccrsscccvesesceuscsseses 


ASCII Coding CHAL ES. ieee ee abo 00) Sie Soe week aia 
Decimal Values for ASCII Characters... ..cccccccee 


i 
o 
oO 


WWD YD 
WW bt Bt bt OV UT 


1 
Ul 


1 ae es Be 
aA ON 


Model 5510 SPINWRITER 


Model 


5520 SPINWRITER 


CHAPTER 1 
INTRODUCTION 


This guide provides you with a general description, operating 
instructions, maintenance and replacement procedures, and a 
troubleshooting guide for SPINWRITER Terminals. Included are 
specifications, use of operator controls, procedures for re- 
placing certain items, and suggestions to help you maintain 
high quality printing. A glossary has been added for your use. 


1.1 DESCRIPTION 


SPINWRITER Terminals are serial-impact character printers which 
use a microprocessor to control printing operations. Servo 
motors control carriage movement, print element positioning, 
ribbon movement and paper movement. The SPINWRITER provides 
high quality printing at rates up to 55 characters per second 
(maximum). When used in a standard communication network, the 
SPINWRITER can communicate in either half duplex or full duplex 
mode at rates up to 1200 baud. The printing element used by 
the SPINWRITER is a unique, reinforced plastic "thimble" which 
contains up to 128 fully formed characters of various type- 
faces. Thimbles that contain up to 125 characters have a cut- 
out so that you can see the last character printed. The rib- 
bons used are made of black or red/black nylon fabric or of 
black multi-strike film; the ribbons are contained in easily 
replaceable cartridges. 


You may select the printing format at 10 or 12 characters per 
inch and up to 163 characters per line. Bidirectional print- 
ing, fine-line plotting, and graphing are available. You can 
position the print thimble within 1/120th inch horizontally and 
1/48th inch vertically. 


1.2 SPECIFICATIONS 


Table 1-1 lists specifications for SPINWRITER Terminals. These 
specifications should be adhered to for SPINWRITER installation 
and operation. 


Table 1-1 


FEATURE 


Print Speed 


Character Set 


Print Line 


Paper Width 


Paper Thickness 


Carriage Return Time 


Horizontal Resolution 


Vertical Resolution 


Line Feed Speed 


Spacing Speed 


Tabbing 


Copy Thickness Control 


Impression Control 


Overall Dimensions 


SPINWRITER Terminals Specifications 


SPECIFICATION 

Standard speed selectable at Jif, 
300 or 1200 baud....up to 55 
characters/in. (maximum) 
Optional baud rates: 

110, 150, 300 

110, 200, 300 

110, 360, 600 
128 characters (maximum) 


136 columns at 10 characters/in. 
163 columns at 12 characters/in. 


16 in. (maximum) 
0.027 in. (maximum) 
400 ms (maximum) 
120 positions/in. 
48 positions/in. 


40 ms per 1/6 in. 
(plus 53 ms settling) 


16 ms at 12 characters/in. 


Horizontal and vertical in any 
direction 


5-step switching (by operator) 


3 levels (by operator) 
Width: 24.8 in. (630 mm) 
Height: 8.68 in. (220.5 mm) 
Depth 5510: 16.3 in. (415 mm) 
Depth 5520: 21.1 in. (535 mm) 
5510/15: 45.5 lbs (20.7 kg) 
including covers and 
power supply 
5520/25; 51 lbs (23.2 kq) 


including covers and 
power supply 


Table 1-1 SPINWRITER Terminals Specifications (contd) 


FEATURE SPECIFICATION 


Power Requirements 115 vac, +15%, 50/60 Hz @3.5 amps 
or 230 Vac, +15%, @2 amps (option) 


Environment Operating: 40°F (5°C) to 100°F 
38°C) 


Storage: -4°F (-20°C) to 158°F 
(70°C) 


Humidity Operating: 10% to 85% (No 
Condensation) 


Storage; 10% to 95% (No 
Condensation) 


Altitude Operating: Sea Level to 10,000 ft 


Storage: Sea Level to 25,000 ft 
_ Acoustic Noise 67 dBA (without Covers) 
60 dBA {with Covers) 
INTERFACES 

Model 

5510/20 RS-232-C, Current Loop 

5515/25 Diablo-Compatible Plus (Models 
1610/1620}, RS-232-C - Current 
Loop Xerox-Compatible Plus 
(Models 1700/1710) 

1.3 RELATED DOCUMENTS 


The following documents, relating to the SPINWRITER Terminals, 
are available from NEC Information Systems, Inc. 


SPINWRITER Terminals Product Description, Doc. No. 10005 
SPINWRITER Maintenance Manual, Doc. No. 10000 


SPINWRITER Theory of Operations Manual, Doc. No. 10001 


CHAPTER 2 
OPERATING INSTRUCTIONS 


This chapter tells you how to operate the SPINWRITER. It 
describes the control panel switches and indicators, and the 
keyboard functions; it gives you instructions on how to load 
the paper and position it, and outlines step-by-step procedures 
to run the machine. Specific operations vary with the 
SPINWRITER used and the options included; however, you can use 
the general information provided here for almost all your 
needs. Figure 2-1 shows SPINWRITER controls and external com- 
ponents. 
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Figure 2-1 SPINWRITER Controls and External Components 


2.1 OPERATOR CONTROL PANEL 


Table 2-1 lists the controls and indicators on the control 
panel. The switches on the panel are protected by an acrylic 
panel. Figure 2-2 shows the two variations of control panels: 
A is the control panel for Models 5510/5515 and 5520/5525 and B 
is the control panel for Model 5510 with a remote/local switch. 


POWER 


POWER 


SET TOF 
(Top of 
Form) 


FF (Form 
Feed) 


ALARM 


SP 10-12 
(Space) 


Table 2-1 


SWITCH/ 
INDICATOR 


2-Position 
Rocker Switch 
Indicator 


Spr ing-Loaded 
Rocker Switch 


Spring-Loaded 
Rocker Switch 


Indicator 


Audible 
Alarm 


Spring-Loaded 
Switch 


2-Position 
Rocker Switch 


Operator Control Panel 


FUNCTION 


Controls ac power to SPINWRITER. 


Illuminates when ac power is 
applied. 


Stores contents of FORM LENGTH 
thumbwheel switches. 

Note: Position paper at desired 
first line before pressing this 
switch. 


Moves paper to top line of next 
form. 


Tlluminates if one of following 
occurs: Parity Error, Framing 
Error, Cover Open, Paper Out, 
Ribbon End, Check Condition, 
Buffer Overfiow. 


Sounds for about 1/2 second 
when errors are produced. 


Sounds for about 1/2 second 
upon receipt of Bell Code. 


For a check condition, a 
repeating audible alarm is 
produced. 


Clears ALARM indicator if alarm 
condition is cleared. Light is 
extinguished. 


Selects either 10 or 12 
characters/in. It is set at 
10 for 10-pitch thimbles and 
12 for 12=pitch thimbles. 


NOTE 


The number of characters/ 
in. is set by internal 
program control (Escape 
code, see 2.2.1). 


Table 2-1 Operator Control Panel (contd) 


SWITCH/ 
INDICATOR FUNCTION 


2-Position Selects either 6 or 8 lines/ 
Rocker Switch in. for line spacing. 


NOTE 


The number of Lines/inch 
is set by internal program 
(Escape code, see 2.2.1). 


LOCAL LF 2-Position Enables auto line feed when 
Rocker Switch set at ON, and when carriage 
return pressed. 


2-Position Selects full or half duplex. 

Rocker Switch At full duplex, data is trans- 
mitted but no local printing 
is performed. At half duplex, 


data is printed and transmitted. 


PARITY 3-Position Selects odd, even, mark (for mark 
E-M-O Rocker Switch setting, there is no parity 
(Even, check and mark polarity is 

Mark, generated). 

Odd) 


SPEED 3-Position Selects high, medium, or low 
H-M-L Rocker Switch communication speed. Standard 
{High, configuration of 110, 300, 1200 
Medium, baud. (For other configurations, 
Low) contact your local service 
representative.) 


2-Position Enables self-test mode (see 

Rocker Switch 2.6) when placed in ON posi- 
tion. For Model 5525, LOCAL 
Switch on keyboard must be 
pressed and locked. 


wa 


Tabie 2-1 Aperator Controi Panel (contd) 


SWITCH/ | | 
INDICATOR FIINCTION 


1. Specify form length -- 
number of lines from 1 to 
99, 


Two 10-Position 
Thumbwheel 
Switches 


FORM 
LENGTH 


Read only when printer is 
powered on and SET TOF is 
pressed. 


2. When in self-test, thumbwheel 
switch designation, times 10 
equals desired column width. 
(Applies for settings 03 through 
13) 


Clears SPINWRITER; equivalent 
to power ON/OFF clear. 


Spr ing-Loaded 
Rocker Switch 


NOTE 


The character set is con- 
trolled by an internal 
program control. 


REMOTE/ 2-Position In REMOTE position, SPINWRITER 


LOCAL Rocker Switch receives and transmits data. 
(5510 with In LOCAL position, the 

Remote/ SPINWRITER is off-line and all 
Local data transmissions stop. 


Switch) 


6B 


FF SET TOP POWER 


HEAABRE 


SPEED PaRITY Bur. OraAL 


A. Control Panel for 5510, 5515, 5520, and 5525 
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B. Control Panel for Model 5510 with Remote/Local 
Switch 


Figure 2-2 SPINWRITER Terminals Operator Control Panels 


2.2 KEYBOARD (Models 5520/5525 Only) 


The SPINWRITER keyboard is divided into three sections as shown 
in Figure 2-3: (A) alphanumeric, (B) numeric, and (C) control. 


2.2.1 Alphanumeric Section 


Most of the keys in the alphanumeric section function like 
those on a typewriter. For example, when you press the SHIFT 
key or SHIFT LOCK key and any of the alphanumeric keys (letter 
or number), an upper case character prints. 


a. Repeat Keys 


When you press and hold the SPACE, BACKSPACE, RETURN, 
LINE FEED, -, or _ keys, the code automatically repeats. 


b. Special Keys 


Control (CTRL), Escape (ESC), LINE FEED, and Delete 
(DEL) are special keys. Use the CTRL and ESC keys to 
vary normal printing operations, carriage movement, or 
paper movement. These keys are discussed in the fol- 
lowing paragraphs. 


(C) 


CA) (B) 


Figure 2-3 Keyboard Layout (Models 5520/5525 Only) 


CTRL 


The CTRL key, when used with another key, generates a 
special function or action. For example, when you 
press "CTRL" and "J" at the same time, a Line Feed 
occurs. When you press the "CTRL" and "K" keys at the 
same time, a vertical tab is performed. You can also 
use the CTRL key for other functions (see Table A-1 in 
Appendix A). 


ESC 


The Escape key also generates a special function or 
machine action when used with another key,. For exam- 
ple, pressing ESC and M (or m) at the same time sets 
the left margin. Table A-2 lists additional functions 
performed with the ESC key. 


Similarly, using the ESC key with other keys sets hori- 
zontal tabulations (Table A-3) and vertical tabulations 
(Table A-4). TO vary spacing between characters and 
between lines, use the ESC key as detailed in Table 
A-5. (Table A-6, ASCII Coding Chart, is added for 
reference purposes.) 


For CTRL and ESC key functions for Diablo-Compatible 
and Xerox-Compatible Plus, see the following tables in 


Appendix B: 

Table B-l: ESC Key Functions 

Table B-2: ASCII Coding Chart 

Table B-3: Decimal Values for ASCII character for 
Horizontal Motion Index (HMI)--spacing 
between character; Vertical Motion 
Index (VMI)--spacing between lines. 

LINE FEED 


Press LINE FEED key to advance the paper by one line. 
No carriage return occurs unless AUTO LINE FEED has 
been selected internally. 


DEL 


DEL key, in remote mode, transmits the delete code 
instead of printing it. In the local mode, this key 
does not operate. 


2.2.2 Numeric Section 


The numeric pad (15-key pad) inputs numeric data. Do not use 
the SHIFT and CTRL keys when inputting numerical data. To help 
you locate your position on the numeric pad, the number 5 has a 
raised piece. 


2.2.3 Control Section 
The control section includes the following keys. 
a. LOCAL (Remote) 


Press this key to enter the local mode; the key auto- 
matically locks. In local mode, the SPINWRITER oper- 
ates as a typewriter. When you release the LOCAL key, 
the unit enters the remote mode. 


In remote mode, the SPINWRITER receives and transmits 
data. 


b. UC ONLY (Upper Case Only) 


When you press this key, it locks in place; and the 
upper case alphabet replaces the lower case alphabet. 
This key is effective only on alphabet keys. When you 
press the key again, it unlocks and the machine prints 
the lower case alphabet. The incoming data is not af- 
fected by the position of this key. 
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BREAK 


When you press this switch, a Break signal clears all 
data in the print buffer. 


AUTO LF 
Pressing AUTO LF and the RETURN key gives you a double 


line feed. You must have both AUTO LF and LOCAL LF set 
at ON. 


2.3 PAPER POSITIONING AND PRINTING ADJUSTMENTS 


Figure 2-4 illustrates the controls you will use to position 
paper and to make adjustments for print quality. The numbers 


in the 
figure. 


(1) 


(2) 


(3) 


(5) 


following paragraphs correspond to the numbers in the 


Platen knobs. These knobs allow the platen to be 
rotated manually to insert paper and position it 
properly. The right knob provides variable platen 
action; when you push the knob in, the platen rolls 
freely in either direction. You can change the posi- 
tion of the writing line by using this variable platen 
function. 


Copy control lever. This lever moves the platen for- 
ward or backward to compensate for different form 
thicknesses (number of carbons). Place it all the way 
forward for a single copy, and all the way rearward for 
an original and five carbon copies. Intermediate posi- 
tions provide for form thicknesses between these two 
extremes. When printing on a form of several copies 
with this lever moved toward the rear, you may have to 
increase the print hammer intensity for optimum print 
quality by changing the impression control switch (see 
Figure 2-4, 9). 


& (4) Pressure bail levers and pressure _ bail. The 
pressure bail holds the paper against the platen. This 


is necessary for optimum print quality and quietness. 
To insert paper, pull the bail forward, away from the 
platen, by moving one of the levers. When using a pin- 
feed platen or a forms-tractor assembly, move the 
pressure bail forward away from the platen. The pin- 
feed paper clamps or the forms-tractor assembly doors 
hold the paper in the optimum position for proper 
operation. 


Ribbon Selector Switch. The ribbon selector switch is 
located under the top cover under the ribbon cartridge 
black lever. Place this switch to the left for black 
ribbon or multi-strike ribbons, and to the right for 
red/black ribbons. 
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RIBBON SELECTOR 
SWITCH 


IMPRESS ION 
CONTROL 
SWITCH 


TESTE. 


BLACK OR MULTI- RED/BILACK 
STRIKE RIBBON RIBBON 


Figure 2-4 Printer Controls 
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(6) Silencer hood with combination scale. The silencer 
hood lowers the printer operation noise level. A long 
and short hood are available, but a short hood must be 
used with a forms tractor assembly or a _ pin-feed 
platen. When you raise the hood, a switch is acti- 
vated which inhibits printing; therefore, the hood 
Must be closed for printing. The scale on the hood 
provides a visual indication of the print head posi- 
tion along the typing line. It is marked for both 10 
and 12 characters per inch. 


(7) Top cover. The top cover raises easily by lifting 
upward. It provides access to the printer mechanism 
when it becomes necessary to replace a ribbon car- 
tridge, to change the print thimble, or to change the 
hammer impression control switch. When you raise the 
cover, a switch is activated which inhibits printing; 
the audible alarm sounds and the alarm on the control 
panel lights. Therefore, be sure the cover is closed 
tightly. 


(8) Paper release lever. In the forward position, this 
lever releases tension on the paper, allowing you to 
reposition or remove the paper. Place the lever in 
the backward position when printing on a friction-feed 
platen to ensure proper feeding of the paper. PLACE 
IT FORWARD WHEN PRINTING ON A PIN-FEED PLATEN OR WHEN 
USING A FORMS TRACTOR ASSEMBLY. 


(9) Impression control switch. This three-position switch 
located under the top cover controls the printing 
impression. You may set this switch as follows: 
L-low for minimum impact pressure which may be re- 
quired for small typefaces (12 pitch); M-medium for 
normal impact pressure which is required for most 
single copy printing; H-high for maximum impact pres- 
sure normally only for multiple copies. Poor print 
quality may result from the incorrect setting of this 
switch; and in addition, too high an impression set- 
ting may result in reduced font life. 


2.4 PAPER LOADING INSTRUCTIONS 


The SPINWRITER has three different types of paper feed: fric- 
tion feed, pin-feed, and forms-tractor paper feed. When load- 
ing paper, refer to the procedure below that applies to the 
particular type of paper feed for your machine. Figure 2-5 
shows rear paper-feed path. Rear feed is similar to paper 
placement in a typewriter. Figure 2-6 shows you how to load 
the paper through the bottom of the SPINWRITER. Bottom feed is 
an optimal feature. 


NOTE 
If you use a single sheet of paper in 
the SPINWRITER, raise the paper guide to 
deactivate the paper out switch. 
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PAPER GUIDE 


Figure 2-6 Bottom Paper-Feed Path - (Optional Feature) 
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2.4.1 


a. 


204.2 


Friction-Feed Paper Loading 

Raise paper guide and silencer hood. 

Move the pressure bail away from the platen. 
Pull paper release lever forward. 


Insert paper with printing surface down as shown in 
Figure 2-5. 


Push paper release lever backward. 


Push in and rotate the right knob of the platen to move 
the paper. 


Pull paper release lever forward. 

Align the paper horizontally and vertically. 

Push paper release lever backward. 

Push paper bail toward the platen. 

Move paper to desired top of form position. 

Adjust copy control lever. Place this lever in extreme 
forward position for a single copy, and adjust it grad- 


ually toward rear as the number of copies increases. 


Lower the paper guide and silencer hood. 


Pin-Feed Paper Loading 


Raise paper guide and silencer hood. 
Move the pressure bail away from the platen. 


Pull paper release lever forward; it must REMAIN in the 
FORWARD position. 


Release the paper cutter bail from the platen. 


Insert paper as shown in Figure 2-5 or 2-6 with print- 
ing surface down (for rear feed). 


Align paper feed holes with the left and right pin on 
the platen; then lower the cutter bail to the platen. 


Pull paper toward the back lightly to remove slack. 


h. 


J 


Push in and rotate the right knob of the platen to 
position the paper to the first line position. 


Lower the paper guide and silencer hood. 


Forms-Tractor Paper Loading 


Raise paper guide if rear feed is used, and raise the 
silencer hood. 


Move the pressure bail away from the platen. 


Pull paper release lever forward; it must remain in 
the FORWARD position. 


Open tractor doors. 


Insert paper as shown in Figure 2-5 or 2-6 with print- 
ing side down (for rear feed). 


Align paper feed holes with the pins of the left and 
right tractor assemblies. 


Close left tractor door. 

Align right tractor with paper feed holes. You may 
have to move the tractor assemblies to do this. 
Release the locking knobs and slide the assemblies to 
the desired position. 


Push in and rotate the right knob of the platen to 
position the paper to the first line position. 


Lower the paper guide and the silencer hood. 


2.5 SPINWRITER PREPARATION 


NOTE 


Before you apply power to the SPINWRITER, 
make sure that the carriage is not posi- 
tioned to the extreme left or to the 
extreme right. 


Raise the top cover and check that the impression con- 
trol switch (see 2.3,9) and the ribbon selector switch 
(see 2.3,5) are in the correct positions. 


Make sure paper, ribbon, and print thimble are proper- 
ly installed. 


Check to make sure that all front panel control 
switches are properly set (see Table 2-1). 
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d. Close the cover. 
e. Connect the power cord to an ac outlet. 


f. Set the POWER switch to the ON position; observe that 
the POWER indicator lights, and the carriage moves to 
the first print position. 


g- Place Remote/Local switch on keyboard in desired posi- 
tion (see Table 2-1). 


2.6 TYPICAL OPERATING PROCEDURES 


To operate the SPINWRITER in the remote mode, you must follow 
specific procedures. These procedures are determined by the 
device that the SPINWRITER will communicate with (hest 
device). To communicate between the SPINWRITER and the host 
device, make sure the operating characteristics of both are 
compatible. You must establish transmission speed (baud rate), 
type of data transmission (half or full duplex), and type of 
parity (see Table 2-1). All SPINWRITER control switches, other 
than the SP switch, should be set before establishing a commun- 
ication link. The SP switch is set according to the type of 
printing thimble used. 


2.7 SELF-TEST MODE 


SPINWRITER models have a built-in, self-test program which give 
you a repeated printout of alphanumerics and symbols. Figure 
2-7 shows a typical test pattern printout. Press the FORM 
LENGTH switches (see Table 2-1) to vary the column width and 
line spacing of the printout. In the Test Mode, with a FORM 
LENGTH setting of 13, the machine prints the test pattern in 
130 columns, as shown in Figure 2-7. If you set the FORM 
LENGTH switch at any other number, the test pattern is pointed 
in 30 columns. 


Observe the test pattern results. If the machine is malfunc- 
tioning, describe these results to your service representative 
who may provide verbal instructions on how to correct a problem. 
To print the test pattern, proceed as follows: 


a. Place the TEST switch in the ON position. 


b. Press the LOCAL key on the keyboard, and place the TEST 
switch in the ON position. 


c. Place the TEST switch in the OFF position to stop the 
test. 
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2.8 TROUBLESHOOTING GUIDE 


Table 2-2 lists several problems which you may encounter, their 
causes, and the corrective action which you should take. If, 


after taking corrective action procedures, 


the machine is still 


not functioning properly, call your service representative. 


Does not print 


{Fan not running) 


Does not print 
No carriage 
movement 
Audible alarm 
sounds once 


Audible alarm 
sounds once 


Does not print 
No carriage 
movement 
Repeating 
audible alarm 


Carriage move- 
ment but does 
not print 


Printing but no 
carriage move- 
ment 

Alarm may sound 


Table 2-2 


PROBLEM 
INDICATION 


Power Source 


Cover Open 


Ribbon End 


Paper Out 


Carriage is in 
extreme left or 
right position 


Ribbon broken or 
not installed 
properly 


Thimble broken or 
not installed 


properly 


Broken carriage 
cable 
Obstruction in 
path of carriage 


Troubleshooting Guide 


CORRECTIVE 
ACTION 


Is SPINWRITER con- 
nected to ac power? 
Is POWER switch 
in ON position? 


Is cover closed 
tightly? 

Check ribbon car- 
tridge. If using a 
multi-strike rib- 
bon, ensure that 
ribbon is not at 
end (window on 
cartridge will be 
full). 

Press RESET switch. 


Check paper supply. 
Is paper loaded 
correctly? 

Press RESET switch. 


Turn POWER off. 
Move carriage to 
center of machine 
Turn POWER on. 
Carriage should 
move to left margin 
position. 


Replace, if neces- 
sary. 

Are ribbon and 
thimble installed 
correctly? 


Call Service 
Representative 


Table 2-2 Troubleshooting Guide {contd) 


PROBLEM CORRECTIVE 
INDICATION CAUSE ACTION 


Paper Tearing 


Paper not properly 1, Check paper load- 
loaded ing. 

Obstruction in paper 
path 

Tf using forms trac- 
tors, too much 
tension may exist 
Paper release lever 
may be engaged 


Adjust tractors. 


3. Check paper release 
lever (see 2.3). 


Printing Light 
or not sharp 


Ribbon worn, 
or broken 
Ribbon or thimble 
not installed 
properly 


jammed Replace, if neces- 
sary (see 3.2, 
3.3). 


Check installation, 


Copy control lever 
set incorrectly 


Check position of 

copy control 

{see 2.3). 

2. Check switch 
setting. 

3. Inspect for mars, 
and/or abrasions 
Replace, if neces- 

sary. 


Impression switch 
set incorrectly 
Damaged platen or 
thimble 


Alarm indicator Parity or framing 1. Check PARITY and 
lights error SPEED switches for 
Audible alarm compatibility with 
sounds once host device (see 
“T symbol printed Table 2-1). 

2. Press RESET 
Alarm indicator Check condition 1. Press CLEAR switch. 
lights 2. The printer is set 
Audible alarm at initial state. 


sounds repeatedly 


Does not print No data input Make sure host device 
No carriage which SPINWRITER is 
movement communicating with is 


operating properly. 


Alarm indicator Buffer overflow 1. Check host device 
Lights For proper opera-— 

i tion 
Audible alarm i 2. Press RESET switch. 


CHAPTER 3 
MAINTENANCE AND REPLACEMENT PROCEDURES 


This chapter suggests ways to help you maintain high quality 
printing. It includes procedures for replacing’ ribbons, 
thimbles, and other assemblies. 


3.1 MAINTAINING HIGH QUALITY PRINT 


To ensure high print quality, proper attention should be given 
to such items as different printer control settings, paper 
quality, ribbon quality, etc. 


@® Select the proper ribbon....multi-strike ribbons give 
you sharper impressions than a fabric ribbon. Dried or 
malfunctioning ribbons result in faded print images. 


e Choose high quality paper to obtain the best print 
image....sharpest characters and maximum black-and-white 
contrast. 


e@ Select the proper copy control lever setting....all the 
way forward for single copy and moved rearward as neces~ 
sary for additional copies. 


@ Set the impression control switch for the best print 
image.... low for small typefaces (12 pitch), medium for 
normal impact pressure, and high for large typefaces or 
multiple copies. 


@ Set the space pitch setting so that it matches the pitch 
of the thimble being used....a mismatch will result in 
cramped or widely spaced characters. 


@ Align paper correctly with enough tension so that it 
does not tear or wrinkle. 


@ Keep the platen clean and free of mars and scratches. 
@ Establish quality standards for certain jobs....similar 


jobs will be prepared in a similar manner and require 
Similar quality. 
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RIBBON CARTRIDGE REPLACEMENT 


Replace the ribbon cartridge as follows: 


The 


ae 


b. 


Bs 
h. 


Turn POWER off and raise the top cover. 


Hold the ribbon cartridge lightly; at the same time, 
push down on the two locking tabs which hold the car- 
tridge in place, lifi the cartridge out (see Figure 
3-1). 


Take the new cartridge and rotate the manual feed knob 
in the direction indicated by the arrow to establish 
tension on the ribbon. 


Place the new ribbon cartridge over the mounting plate; 
insert the ribbon between the card holder and card 
holder bracket. 


Insert the ribbon in the ribbon sensor if a multi- 
strike ribbon is being used (see Figure 3-2). 


Press the ribbon cartridge downward until the locking 
tabs engage. 


NOTE 
It may be necessary to rotate the manual 
feed knob on the cartridge in the direc- 
tion indicated by the arrow to ensure 
proper seating. 


Check tension on the ribbon (see step c). 


Close the top cover and restore ac power. 


PRINT THIMBLE REPLACEMENT 


print thimble may be replaced as follows: 


Turn POWER off and raise the cover. 
Remove the ribbon cartridge (see 3.2). 


Push hammer lock lever toward the platen (Figure 3-2), 
at the same time tilt the hammer cover toward the front. 


Slide the lock piece, at the center of the print 
thimble, horizontally and then to the upright position. 


NOTE 
When handling print thimble, hold it 


at the base to avoid possible damage 
to the character type areas. 
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PLASTIC CARD HOLDER CARD RIBBON 
LOCKING BRACKET CARTRIDGE 
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Figure 3-1 Ribbon Cartridge Removal 
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Figure 3-2 Print Thimble Removal 
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e. 


f. 


Lift the print thimble upward from the carriage. 


Place new print thimble in position aligning the square 
hole with the stud (Figure 3-2A). 


NOTE 
Be sure that the replacement thimble 
(10 or 12) and the pitch setting match, 
and use light pressure on the base of 
the thimble to ensure that it is seated 
fully downward. 


Lay the lock piece flat and slide it until it is posi- 
tioned as shown in Figure 3-2A. 


Push the hammer and its cover into the locked position. 
Install the ribbon cartridge. 


Close the cover and restore ac power. 


3.4 FRICTION-FEED ASSEMBLY REMOVAL 


If this option is installed, it can be removed in the following 


manner : 


d. 


Turn POWER off and raise the top cover. 

Move the pressure bail away from the platen. 

Press the lock levers and simultaneously raise the 
assembly upward and toward the rear of the printer as 
shown in Pigure 3-3. 


Close the cover and restore ac power. 


3.5 FORMS-TRACTOR ASSEMBLY REMOVAL 


If this option is installed, it can be removed as follows: 


Ae 


b. 


Turn POWER off and raise the top cover. 

Move the pressure bail away from the platen. 

Press the locking levers and raise the assembly upward 
and toward the rear of the printer to remove it (Figure 
3-4) . 


Close the top cover and restore ac power. 


LEVER FEED 
ATTACHMENT 


ae Fo 


PLATEN 
GROOVE 


PRESSURE 
BAIL 


Figure 3-3 Friction-Feed Attachment Removal 
(Right Side Only) 
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Forms-Tractor Assembly Removal 


Fi 
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3.6 PIN-FEED PLATEN REMOVAL 


If this option is installed, it can be removed as follows: 


Turn POWER off and raise the top cover. 
Move the pressure bail away from the platen. 


Press the locking tabs and lift the platen from the 
printer (Figure 3-5). 


Insert the replacement platen into position aligning 
the platen gear with the line feed idle gear. Press 
the locking tabs, and press the platen downward until 
it locks in place. 


Close the top cover and restore ac power. 


‘ LOCKING TAB 


Figure 3-5 Pin-Feed Platen Removal 


3.7 FRICTION-PLATEN REMOVAL 


The friction platen may be removed as follows: 


Turn POWER off and raise the top cover. 


Remove the friction-feed attachment or forms-tractor 
assembly, if installed. 


Press the locking tabs and lift the platen upward out 
of the printer (see Figure 3-6). 


Insert the replacement platen into position aligning 
the platen gear with the line feed idle gear. 


NOTE 
Because it is possible to install the 
Platen backwards, be sure that the 
widest gear is on the right as the 
platen is installed from the front. 


Grasp the platen knobs, press the locking tabs, and 
press platen downward until it: locks into place. 


Close the top cover and restore ac power. 


LOCKING TAB (ON EACH END OF PLATEN) 


PLATEN 


Figure 3-6 Friction-Platen Removal 
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APPENDIX A 
MODELS 5510/20 


Table A-1l CTRL Control Key Functions 


2nd 
(or (Start of Heading) 
{or (Start of Text) 
{or (End of Text) 
(or (End of transmission) 
{or (Enquiry) 
(or (Acknowledge) 
(or (Bell) 
(or (Backspace) 
(or i {Horizontal Tab) 
{or j (Line Feed) 
(or {Vertical Tab) 
(or : (Form Feed) 
(or (Carriage Return) 
(or (Shift Out) 
(or (Shift In) 
(or DLE (Data Link Escape) 
(or DC 1 {Device Control 1) 
{or DC 2 (Device Control 2) 
(or DC 3 (Device Control 3) 
(or DC 4 (Device Control 4) 
{or NAK {Negative Acknowledge) 
{or SYN (Synchronous Idle) 
(or ETB (End of Transmission Block) 
{or CAN (Cancel) 
(or EM (End of Medium) 
{or SUB (Substitute) 
{underline) US (Unit Separator) 
or } ESC (Escape) 
RS (Record Separator) 
GS (Group Separator) 
FS (File Separator) 


A 
B 
Cc 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
18) 
P 
Q 
R 
S 
Tt 
U 
Vv 
W 
xX 
BG 
Z 


Fa eel | 


Example: 
To set vertical tab, press the following keys in this order: 


lst key CTRL 
2nd key K (or k) 


Table A-2 ESCAPE Key Functions 


Set Horizontal Tab 

Reset Horizontal Tab (Individual) 
Print in Red 

Print in Black 

Set Vertical Tab 

Reset Vertical Tab (Individual) 
Clear ail Tabs and FF Length 
Reverse Line Feed 

Reverse Print (Right-to-Left) On 
Read and Store Operator Control Switches 
Forward Print (Left-to-Right) On 
Set Format Mode 

Reset Format Mode 

Set Right Margin 

Reset Right Margin 

Set FF Length 

Set Left Margin 

Reset Left Margin 


1 
2 
3 
4 
5 
6 
7 
9 
< 
> 
es 
@ 
J 
K 
L 
M 
1) 


(Tables A-3 through A-5 list additional ESC functions for 
Models 5510/5520.) 


Examples: 


To set the left margin, press the following keys in this order: 


Ist key ESC 
znd key M (or m) 


* You can set FORM FEED (FF) length from the keyboard or from a 
remote location by using the ESC keys as follows: 


1. ESC L (or 1) 
2. ESC ? 


These actions load the number of line feeds into the machine 
for FF length and Format Mode. Additional ESC key functions 
reset machine as follows: 


3. ESC L (sets new FF length) 
4. ESC @CR (resets Format mode) 


The new FF count will continue to be used until you change FF 
by any of the following actions: 


1. PWR OFF 3. ESC L (or 1) 
2. CLEAR 4. ESC 7 


ASMA ARS fonts 
me AND ne 
ae 


ANNAN, oan 
il 


- Vo 
§S~ “ux 


Table A-5 Spacing and Form Advance Control 


Spacing 


Ei 


RK) Cc 


See Ae Ee Sele Ss 


L 


Examples: 


l. To space characters 12/120-inch apart, press the fol- 
lowing keys in this order: 


ist ESC 
2nd 7] 
3rd L (or 1) 


2. To space lines 6/48-inch apart (8 lines/inch), press 
the following keys in this order: 


lst ESC 
2nd 
3rd U 


ASCII Coding Chart 


Table A~6 


PRINTABLE 
CHARACTERS 


CATION 
CODES * 


zZ 
> 
= 
= 
oO 
os) 


*See Table A-1 for definitions of ASCII code. 


and column 6 and 


=) Of all ESC code sequences have same 


Lop 
My 
wv 
dud 
Je) 
w 
Fo 
ec 
8) - 
ade 
rch 
a" 
Pus 
rama) 
woe 
oF 
= 4 
OF el 
pe tt 
te 
gu” 
ects 
Se 
ere 
ED 
gee 
Oo. O5 
mam 


NOTE: 
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APPENDIX B 
MODELS 5515/25 


Table B-l Diablo-Compatible Plus and Xerox-Compatible 


Plus Escape Key Functions 


CODE(S) FUNCTION 
ESC 1 Set Horizontal Tab Stop 
ESC 2 Clear All Tab Stops 
ESC 3 Graphics On 
ESC 4 Graphics Off 
ESC 5 Forward Print On 
ESC 6 Backward Print On 
ESC 8 Clear Individual Tab Stop 
ESC 9 Set Left Margin 
ESC 0 Set Right Margin 
ESC A Print in Red 
ESC B Print in Black 
ESC D Negative Half-Line Feed 
ESC U Half-Line Feed 
ESC LF Negative Line Feed 
ESC HT (n) Absolute Horizontal Tab 
ESC VT (n) Absolute Vertical Tab 
ESC RS (n) Define Vertical Motion Index (VMI) 
ESC US (n) Define Horizontal Motion Index (HMI) 
To set left margin, press the following keys in this 
order: 
Ist key ESC 
2nd key 9 


To set absolute vertical tab at 52, the following 3-key 
ESC sequence is used: 


lst key ESC 


2nd key CTRL with K 


3rd key 5 


(specifies vertical tab 
see Table B-2) 

(print position desired 
plus one. Table B-3 shows 
decimal values for ASCII 
characters. 


To set absolute horizontal tab at 65 the following 
3-key ESC sequence is used: 


lst key ESC 

2nd key Tab 

3rd key B (print position desired 
plus one per Table B-3) 


To change spacing between characters (HMI) and between 
lines (VMI), press ESC key, the CTRL key and another 
key at the same time, and the desired setting PLUS l. 
See Table B-3 for decimal values of the ASCII charac- 
ters. 


To set HMI at 10, press the following keys in this 
order: 


lst key ESC 
2nd keys CTRL with - (See Table B-2) 
3rd keys CTRL K (print position desired 


plus one per Table B-3) 


To set VMI at 53, press the following keys in this 
order: 


lst key ESC 
2nd keys CTRL with + {see Table B-2) 
3rd key 6 (see Table B-3) 


To set Graphics, use the ESC 3 key; to Reset, use ESC 4. 


While in the Graphics mode, carriage movement is com- 
pletely separated from printing: i.e., printing a 
character does not automatically move the carriage. 
The carriage is moved only by executing a tab, space, 
carriage return, or backspace operation. 


The tab commands operate the same as they do in Normal 
mode. In Graphics mode, however, the space and back- 
space commands move the carriage only 1/60 inch instead 
of the horizontal index selected. 


Paper movement commands can be used extensively in 
Graphics. Vertical Tab (VT) and Form Feed (FF) opera- 
tions are unchanged, but Line Feed (LF) and Negative 
Line Feed (ESC LF) cause only 1/48 inch of paper move- 
ment, instead of the full line (VMI) movement performed 
in Normal mode. 


Table B-2 ASCII Coding Chart 


CONTROL ASCII UNSHIFTED ASCII SHIFTED ASCII 
MODE CODE MODE CODE ‘MODE CODE 
(HEXADEC IMAL) 
00 NUL NUL 00 
1B ESC ESC 
00 1 t 
00 2 @ 
3 # 
4 $ 
5 % 
zs : 
7 & 
8 x 
9 ( 
i) ) 
- + 
BS BS 
NUL NUL 
HT RT 
q Q 
e w 
Pa E 
r R 
t T 
y Y 
u U 
i I 
° ie) 
P P 
{ ] 
\ ] 
LF LF 


rAUDONMIOAY 


~ 


CR 
CTRL 
Function 

SHIFT 


Qa 
a 


wv ATE MUS OKMN 


Table B-3 Decimal Values for ASCII Characters 


Absolute tabbing 


Baud rate 


Bidirectional 


Buffer overflow 


Character set 


Forms tractor unit 


Framing error 


Parity 


Space pitch 


GLOSSARY 


The machine tabs directly to specified 
print column or line (no previous tab 
set has been made). 


The number of characters transmitted per 
second. 


The machine prints while the print head 
is moving either right or left. 


Buffer overflow occurs when data is 
transmitted faster than the 256- 
character buffer can accept it. 


A set or style of alphabetic, numeric, 
and special characters (symbols). 


A device for aligning and feeding con- 
tinuous forms through the printer. 


Data is transmitted to the SPINWRITER in 
an incorrect format: an error will 
result from an incorrect baud rate set- 
ting or the wrong number of internally 
programmed start and stop bits. 


An internally programmed computer check- 
ing method in which the total number of 
binary 1s or Os is computed and checked 
Parity must be compatible between com- 
puter system and host device. 


The number of characters per inch 
printed. 
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1.0 THEORY OF OPERATIONS 


1.1 GENERAL OPERATIONS 


The SA850/851 Diskette Drive consists of read/write and control electronics, drive mechanism, read/write 
heads, track positioning mechanism, and removable Diskette. These components perform the following 
functions: 


@ Interpret and generate control signals. 
®@ Move read/write heads to the desired track. 
@ Read and write data. 
The relationship and interface signals for the internal functions of the SA850/851 are shown in Figure 1. 


The Head Positioning Actuator positions the read/write heads to the desired track on the Diskette. The Head 
Load Actuator loads the read/write heads against the Diskette and data may then be recorded or read from 
the Diskette. 


The electronics are packaged on the PCB. The PCB contains: 


Index Detector Circuits (Sector/Index for SA851). 
Head Position Actuator Driver 

Head Load Solenoid Driver 

Read/Write Amplifier and Transition Detector. 
Data/Clock Separation Circuits (SA851). 

Write Protect 

Drive Ready Detector Circuit. 

Drive Select Circuits. 

Side Select Circuit. 

In Use and Door Lock Circuits 
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11. Write Current Switching/Read Compensation 
1.1.1 HEAD POSITIONING 


The read/write heads are accurately positioned by a Fasflex™ metal band/stepping motor actuator system. 
Aprecision stepping motor is used to precisely position the head/carriage assembly through the use of a uni- 
que metal band/capstan concept. Each 3.6° rotation of the stepping motor moves the read/write head one 
track in discrete increments. 


1.1.2 DISKETTE DRIVE SPINDLE 


The Diskette drive motor rotates the spindle at 360 rpm through a belt-drive system. 50 or 60 Hz power is ac- 
commodated by changing the drive pulley and belt. A registration hub, centered on the face of the spindle, 
positions the Diskette. A clamp that moves in conjunction with the latch handles fixes the Diskette to the 
registration hub. 


WRITE PAROMECT LED 


a CONTAC, 
ia Wavered 
a 
é 
rae 
Pea ACTIVITY LIGHT 
ee o 
ae TRACK 00 DETECTOR 
TRACK 06 LED 
STEPPER sa 
STEPPER -A 
ia: 
fepre a 6 
INDEX OESECTOR 
INDEX LEO 


FIGURE 1. SA8507851 FUNCTIONAL DIAGRAM 


1.1.3 READIWRITE HEADS 


The proprietary heads are a single element ceramic read/write head with straddie erase elements to provide 
erased areas between data tracks. Thus norma! interchange tolerances between media and drives will not 


degrade the signal to noise ratio and insures diskette interchangeability. 


The read/write heads are mounted on a carriage which ts positioned by the Fasflex™ actuator. The head 
carriage assembly utilizes a combination flexured/rigid head mounting system. This allows the Hexured head 


to load the media against its rigidly mounted counterpart (see Figure 2). 


The diskette is held in a plane perpendicular to the read/write head by a platen Jocated on the base casting. 
This precise registration assures perfect compliance with the read/write heads, The read/write heads are in 
direct contact with the diskette. The head surface has been designed to obtain maximum signal! transter to 


and from the magnetic surface of the diskeite. 


FIGURE 2. BI-COMPLIANT READ/WRITF HEAD 
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1.2 RECORDING FORMAT 


The format of the data recorded on the Diskette is totally a function of the host system. Data is recorded on 
the diskette using frequency moduiation as the recording mode, i.e., each data bit recorded on the diskette 
has an associated clock bit recorded with it, this is referred to as FM encoding. Data written on and read 
back from the diskettes takes the form as shown in Figure 3. The binary data pattern shown represents a 
101. 


1.2.1 BIT CELL 
As shown in Figure 4, the clock bits and data bits (if present) are interleaved. By definition, a Bit Cell is the 


period between the leading edge of one clock bit and the leading edge of the next clock bit. 
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FIGURE 3. DATA PATTERN 
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FIGURE 4. BIT CELL 


1.2.2 BYTE 


A Byte, when referring to serial data (being written onto or read from the disk drive), is defined as eight (8) 
consecutive bit cells. The most significant bit cell is defined as bit cell 0 and the least significant bit cell is 
defined as bit cell 7. When reference is made to a specific data bit (i-e., data bit 3), it is with repsect to the 
corresponding bit cell (bit cell 3). 


During a write operation, dit cell O of each byte is transferred to the disk drive first with bit cell 7 being 
transferred last. Correspondingly, the most significant byte of data is transferred to the disk first and the 
least significant byte is transferred last. 


When data is being read back from the drive, bit cell 0 of each byte will be transferred first with bit cell 7 last. 
As with reading, the most significant byte will be transferred last from the drive to the user. 


Figure 4 illustrates the relationship of the bits within a byte and Figure 6 illustrates the relationship of the 
bytes for read and write data. 
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FIGURE 6. DATA BYTES 


1.2.3 RECORDING FORMAT (DOUBLE DENSITY) 


Double capacity can be obtained by use of MFM (modified frequency modulation) and M2FM (modified, 
modified frequency modutation) rather than FM (frequency modulation) which is the standard method of en- 
coding data on the diskette. 


The differences between FM, MFM and M2FM encoding are shown in Figure 7. Note that MFM and M2FM 
result in a 1 to 1 relationship between the “flux changes per inch’”’ and the bits per inch recorded on the 
diskette. This also results in a doubling of the data transfer rate, from 250 to 500 KBS, when compared to 
FM. : 


Data error rate performance equai to standard capacity diskettes using FM encoding can be achieved by us- 
ing: 

@ The SA850/851 diskette drive with its proprietary ceramic/ferrite read/write head. 

@ Phase locked loop (VFO) data separator 


@ Write precompensation. 


Provision of the phase locked loop data separator and write precompensation circuitry is the responsibility 
of the user of the SA850/851 diskette drive. 


Shugart Associates will provide design information, as required, to SA850/851 users who desire to incor- 
porate double capacity diskette drives in their products. 


The bit cell for MFM and MFM encoded data is one half the duration of the bit celt for FM encoded data. 
Also, unlike FM, and MFM and M?FM bit cell does not always contain a clock bit at its leading edge. This lack 
of clock bit makes data separation more complex. Also, the window size is half the FM window size, which 
results in less tolerance to bit shift. The only reliable method to separate MFM and M2FM encoded data is 
through use of a phase locked loop (VFO) type of data separator. The VFO, once synchronized, tracks the 
data and generates clock and data windows, improving the bit shift tolerance over the conventional “hard” 
data separators commonly used in FM recording, which use windows of fixed timing. 
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1.2.3.1 RULES OF ENCODING 
FM Encoding: | 

® Write data bits at the center of the bit cell. 

@ Write clock bits at the leading edge of the bit cell. 
MFM Encoding: 

@ Write data bits at the center of the bit cell. 

® Write clock bits at the leading edge of the bit cell if: 


1) There is no data bit written in the previous bit cell, and 
2) There will be no data bit written in the present bit cell. 


M2FM Encoding: 
@ Write data bits at the center of the bit cell. 
@ Write clock bits at the leading edge of the bit cell if: 
1) There is no data bit or clock bit written in the previous bit cell, and 
2) There will be not data dit written in the present bit cell. 
NOTE: in M2FM/MFM, the write oscillator frequency is doubled, while maintaining the same flux changes per 


inch as FM. Thus, the bit cell in M2FM/MFM is % that in FM. Data transfer rate is also doubled, since a 
1 to 1 relationship exists between flux changes per inch and bits per inch (2 to 1 in FM). 
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FIGURE 7. FM. MFM AND M2FM ENCODING 
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1.2.4 TRACKS 
The SA850/851 drive is capable of recording up to 154 tracks of data. The tracks are numbered 0-76 for each 


side. Each track is made available to the read/write heads by accessing the head with a stepper motor and 
carriage assembly and selecting the desired side of the diskette. Track accessing will be covered in Section 
3. 


Basic Track Characteristics: 


No. Data bits/track Single Density 41,300 bits 
No. Data bits/track Double Density 82,600 bits 
index Pulse Width 1.8 + .66ms 
Index/Sector Pulse Width 4+ .2ms 


(SA851 only) 
1.2.5 TRACK FORMAT 


Tracks may be formatted in numerous ways and is dependent on the using system. The SA850/851 use index 
and sector recording formats respectively. 


1.2.5.1 SECTOR RECORDING FORMAT 
In this Format, the using system may record up to 32 sectors (records) per track. Each track is started by a 


physical index pulse and each sector is started by a physical sector pulse. This type of recording is. called 
hard sectoring. Figure 8 shows a typical Sector Recording Format for 1 of 32 sectors. 
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FIGURE 8. SA801 SECTOR RECORDING FORMAT 


1.2.5.2 SOFT SECTOR RECORDING FORMAT 

In this Format, the using system may record one !ong record or several smaiier records. Each track is 
started by a physical index pulse and then each record is preceded by a unique recorded identifier. This type 
of recording is called soft sectoring. 

1.2.6 TYPICAL TRACK INDEX FORMAT 


Figure 9 Shows a track Format, which is IBM compatible, using index Recording Format with soft sectoring. 


PHYSICAL INDEX a a 


INDEX ADDRESS MARK 


USER DATA 


HEX 00 FOR SIDE 0 
HEX 01 FOR SIDE 1 


HEX 00 FOR 126 BYTE SECTORS 
HEX 01 FOR 256 BYTE SECTORS 
HEX 02 FOR 512 BYTE SECTORS 
HEX G3 FOR 1024 BYTE SECTORS (MFM ONLY) 


GAP 2 GAP3 1 
FM 1 6 0 BYTES FM 1 26 6 0 BYTES 
MFM 22 12 3 BYTES MFM 1 53 12 3 BYTES 


1 Note byte count is tor 26 records. 
Gap 3 change byte count with - 
record length. 


FIGURE 9. TRACK FORMAT 
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FIGURE 11. INDEX ADDRESS MARK FM 
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FIGURE 13. DATA ADDRESS MARK FM 


BITCELL? SIT CELL G SIT CELL 


pn 
BLT 7 BITCELL | ay _ BIT CEct | BIT CELL é BITCELLS 


DELETED CATA ADDRESS MAAK BYTE 


BINARY HEXADECIMAL 
REPRESENTATION OF: REPRESENTATION OF: 
DATA BITS 1 1 1 1 1 ) it) 0 DATA BITS 
FB 
CLOCK BITS 1 1 it) 0 i) 1 1 1 CLOCK BITS 
Cc? 


FIGURE 14. DELETED DATA ADDRESS MARK FM 
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FIGURE 16. MFM JD ADDRESS MARK 
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FIGURE 17. MFM DATA ADDRESS MARK 
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FIGURE 18. MFM DELETED DATA ADDRESS MARK 
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FIGURE 19. MFM INDEX PRE ADDRESS MARK 
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1.2.6.1 


Index is the physical detector indicating one revolution of the media and is used to initiate format 


operations, generate the Ready signal in the storage device, insure one complete revolution of the media 
has been searched, and for a deselect storage device signal after a certain number of revolutions. 


Gap 1- 


ID Field - 


G4A is from the physical index address mark sync and allows for physical index variation, 
speed variation and interchange between Storage Devices. 


Sync is a fixed number of bytes for Separator synchronization prior to the address mark. It 
includes a minimum of two bytes plus worst case Separator sync up requirements. 


index Pre Address Mark (MFM) - Three bytes of C2 with unique clock bits not written per 
the encode rules. Refer to Figure 19. 


Index Address Mark (FM) - is a unique byte to identify the index field and is not written per 
the encode rules. Refer to Figure 11. 


Index Address Mark (MFM) - is one byte of FC and it is written per the encode rules. 
Refer to Figure 15. 


G1 is from index address mark to ID field address mark sync. 


Sync is a fixed number of bytes for Separator synchronization prior to AM. Includes a 
minimum of two bytes plus worst case Separator sync up requirements. 


ID Pre Address Mark (MFM) - Three bytes of A1 with unique clock bits not written per the 
encode rules. Refer to Figure 19. 


- ID Address Mark (FM) - is a unique byte to identify the ID field and not written per the en- 


Gap 2- 


Data Field - 


code rules. Refer to Figure 12. 


ID Address Mark (MFM) - is one byte of FE and it is written per the encode rules. Refer to 
Figure 16. 


ID - is a four byte address containing track number, head number, record number, and 
record length. 


CRC - is two bytes for cyclic redundancy check. 


Gap from IDCRC to data AM sync and allows for speed variation, oscillator variation and 
erase core clearance of IDCRC bytes prior to write gate turn on for an update write. 


Sync is a fixed number of bytes for Separator synchronization prior to the AM. Includes a 
minimum of two bytes plus worst case separator sync up requirements. 


Pre Data Address Mark (MFM) - Three bytes of A1 with unique clock bits not written per 
the encode rules. Refer to Figure 20. 


Data Address Mark (FM) - is a unique byte to identify the Data Field and it is not written 
per the encode rules. Refer to Figure 13. 


Data Address Mark (MFM) - is one byte of FB or F8 and it is written per the encode rules. 
Refer to Figure 18. 


Data - is the area for user data. 
CRC - is two bytes for cyclic redundancy check. 


WG OFF (Write Gate Off) - is one byte to allow for the Write Gate turn off after an update 
write. ; 


1? 


e 


Gap 3- Gap from WG OFF to next [ID AM sync and allows for the erase core to clear the Data 
Field CRC bytes, speed and write oscillator variation, read preamplifier recovery time and 
system turn around time to read the following [D Fietd. 


Gap 4 - G4B is the last gap prior to physical index and allows for speed and write oscillator varia- 
tion during a format write and physical index variation. 


1.3.0 TRACK ACCESSING 


@ Carriage Actuator Motor 
@ Actuator Control Logic 
@ Reverse Seek 

@® Forward Seek 

@ Track 00 Flag 


1.3.1 Seeking the read/write heads from one track to another is accomplished by selecting the desired 
direction utilizing the Direction Select interface line, loading the read/write heads, and then pulsing the Step 
line. Multiple track accessing is accomplished by repeated pulsing of the Step line until the desired track has 
been reached. Each pulse on the Step fine will cause the read/write heads to move one track either in or out 
depending on the Direction Select line. 


1.3.2 The Carriage Actuator Motor used on the SA850/851 is a four phase, 3.6 degree, permanent 
magnet stepper motor. 


1.3.2.1 There are four stator poles with four teeth per pole extending axially the length of the rotor. The 
rotor contains 25 teeth per half, spaced 14.4 degrees apart, with each being displaced one tooth pitch 
relative to each other. The rotor is permanently magnetized with one gear (half) being the north pole and the 
other the south pole. The four winding per phase are those which when energized will magnetize the poles 
causing the rotor to move % of a gear tooth pitch or 1 step. 


1.3.3 ACTUATOR CONTROL LOGIC (FIGURE 21) 
1.3.3.1 POWER ON RESET 


The Step Counter (FF A and FF B) is a modified Gray Code counter that counts 0, 1, 3 and 2. At power on, the 
Step Counter is reset causing the not outputs to be active. When the door is closed and the heads loaded the 
not outputs actuate the 1 and 4 drivers. With these drivers active the position zero windings are excited 
causing the rotor to align as shown in Figure 22. (Note, depending on the previous state of the stator win- 
dings, the heads may move up to two tracks). ? 


1.3.3.2 FORWARD SEEK 
@ Seek forward five tracks. 


@ Assuming: 
Present position of the read/write heads to be track 00. 


Direct Select at a minus level (from the host system). 
Write Gate inactive. 

Five Step pulses to be received (from the host system). 
Step Counter reset (drivers 1 and 4 active). 
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Minus Direction Select is inverted and becomes + Direction Select. Since the Step Counter is reset (low), a 
high is at one input of Exclusive OR A and a low at Exclusive OR B. + Direction Select is high and inverts 
both signals present at Exclusive OR’s A and B, causing the input to FFB to be high. 


When the first Step pulse is sent to the control logic, it is anded with -Read Gate and then clocks FF A off and 
FF Bon. this enables drivers 1 and 3 causing the Actuator Motor to move 3.6° in a clockwise direction, which 
in turn moves the carriage assembly one track towards the center of the diskette. Figure 21 (Track 01, Count 


1). 
With FF A off and FF B on, a low is presented to Exclusive OR AA and B allowing + Direction Select to pass 


to both FFS. Upon receipt of the next Step pulse both FFS are clocked on, enabling drivers 2 and 3. Figure 22 
(Track 02, Count 3). 


With both FFS on, a low is at Exclusive OR A and a high at Exclusive OR B which presents + Direction Select 
to FF A. The next Step pulse clocks FF Aon and FF B off enabling drivers 2 and 4. Figure 25 (Track 03, Count 


2). 
This process is continued until the host system stops sending step pulses at Track 05. At that time FF A is off 
and FF B on enabling drivers 1 and 3. Figure 23 (Count 4). 
1.3.3.3 REVERSE SEEK 
@ Seek in a reverse direction five tracks. 


@ Assuming: 
Present position of the read/write heads to be track 05. Direction Select at a positive level (from 
the host system). 


Write Gate inactive. 
Five step pulses to be received. 
FF A is off and FF B is on, drivers 1 and 3 active. 


Plus Direction Select is inverted and becomes -Direction Select. With FF A off and FF B on lows are 
presented to Exciusive ORs A and B. With the first step pulse the FFS are clocked off enabling the 1 and 4 
drivers causing the actuator motor to move 3.6 degrees in a counter-clockwise direction, moving the car- 
riage one track towards the outside of the diskette. Figure 22 (Track 04, Count 0). 


With both FFS off a high is presented to Exclusive OR A and a low to Exclusive OR B. the next Step pulse 
clocks FF A on and FF B off enabling drivers 2 and 4. Figure 25 (Track 03, Count 2). 


This process continues until the fifth Step pulse. With lows at the Exclusive ORs, and FF's are clocked off 
enabling drivers 1 and 4. Figure 21 (Track 00, Count 0). 


1.3.4 TRACK ZERO INDICATOR 


Track 00 Pin 42 is provided to the host system to indicate the read/write heads are at track zero. The Track 
Zero Flag on the carriage assembly is adjusted so that the flag covers the photo transistor at track one. 
When FF A and B are clocked off the actuator moves to track zero, the Q outputs and Drive Select Internal 
are anded together and then ANDed with the Track Zero detect to send the Track Zero indication to the host 
system. (Figure 21) 
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FIGURE 25. COUNT 3 


1.4.0 READ-WRITE OPERATIONS 
® SA850/851 uses double frequency NRZI recording method. 
®@ The read/write heads are similar to a ring with a gap and a coil wound at some point on the ring. 


® During a write operation, a bit is recorded when the flux direction in the ring is reversed by rapidly 
reversing the current in the coil. 


® During a read operation, a bit is read when the flux direction in the ring is reversed as a result of a 
flux reversal on the diskette surface. . 


1.4.1 The SA850/851 drive uses the doubie-frequency (2F) horizontal non return to zero (NRZI) method 
of recording. Double frequency is the term given to the recording system that inserts a clock bit at the begin- 
ning of each bit cell time thereby doubling the frequency of recorded bits. This clock bit, as well as the data 
bit, are provided by the using system. See Figure 26. 


1.4.2 The read/write heads are similar to a ring with a gap and a coil wound some point on the ring. 
When current flows through the coil, the flux induced in the ring fringes at the gap. As the diskette recording 
surface passes by the gap, the fringe flux magnetizes the surface in a horizontal direction. See Figure 27. 


1.4.3 During a write operation, a bit is recorded when the flux direction in the ring is reversed by rapidly 
reversing the current coil. The fringe flux is reversed in the gap and hence the portion of the flux flowing 
through the oxide recording surface is reversed. If the flux reversal is instantaneous in comparison to the 
motion of the diskette, it can be seen that the portion of the diskette surface that just passed under the gap is 
magnetized in one direction while the portion under the gap is magnetized in the opposite direction. This flux 
reversal represents a bit. See Figure 28. 


1.4.4 During a read operation, a bit is read when the fiux direction in the ring is reversed as a result of a 
flux reversal on the diskette surface, The gap first passes over an area that is magnetized in one direction, 
and a constant flux flows through the ring coil. The coil registers no output voltage at this point. When a flux 
transition passes under the gap, the flux flowing through the ring and coil will make a 180° reversal. This 
means that the fiux reversal in the coil will cause a voltage output pulse. See Figure 29. 


1.4.5 Figure 30 shows the 1F and 2F recording flux transitions with pulse relationship. 
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FIGURE 26. BYTE 
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1.5.0 READ/WRITE HEAD 
@ The read/write heads contain two coils each. 


@ When writing, the head erases the outer edges of the track to insure there is erased areas between 
adjacent tracks. 


1.5.1 Each of the read/write heads contain two coils. Two read/write coils are wound on a single core, 
center tapped and one erase coil is wound on a yoke that spans the track being written. The read/write and 
erase coils are connected as shown in Figure 31. 


1.5.2 On a write operation, the erase coil is energized. This causes the outer edges of the track to be 
trim erased So as the track being recorded will not exceed the .012"’ track width. The trim erasing allows for 
minor deviations tn read/write head current So as one track is recorded, it will not ‘‘spfash over’ to adjacent 
tracks. 


1.5.3 Each bit written will be directed to alternate read/write coils, thus causing a change in the direc- 
tion of current flow through the read/write head. This will cause a change in the flux pattern for each bit. The 
current through either of the read/write coils will cause the old data to be erased as new data is recorded. 


1.5.4 On a read operation, as the direction of flux changes on the diskette surface as it passes under the 
gap, current will be induced into one of the windings of the read/write head. This will result in a voltage out- 
put pulse, When the next data bit passes under the gap, another ftux change in the recording surface takes 
place. This will cause current to be induced in the other coil causing another voltage output pulse. 
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FIGURE 30. 1F AND 2F RECORDING FLUX AND PULSE RELATIONSHIP 
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FIGURE 31. READ/WRITE HEADS 
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1.6.0 WRITE CIRCUIT OPERATION (FIGURE 32) 
@ The binary connected Write Data Trigger toggles with each pulse on the Write Data line. 
@ The Write Data Trigger alternately drives one or the other of the Write Drivers. 
® Write Gate allows write current to flow to the Write Driver circuits. 
@ Write Current sensed allows Erase Coil current. 
@ Heads are selected by grounding the appropriate center tap. 


1.6.1 Write data pulses (clock & data bits) are supplied by the using system. The Write Trigger “toggles” 
with each pulse. The Q and Q outputs are fed to alternate Write Drivers. 


1.6.2 Write Gate, from using system, and not Write Protect, are anded together to provide write current. 
1.6.3 The output of one of the Write Drivers allows write current to flow through one-half of the 
read/write coil of each head. When the Write Data Trigger toggles, the other Write Driver provides the write 
current to the other half one the read/write coils. 


1.6.4 When write current is sensed flowing to the Write Drivers, a signal is generated to provide trimmer 
erase coil current. 


HEAD @ | HEAD 1 
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DRIVER 1 
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-WRITE DATA 
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ERASE 
DRIVER 


WRITE CURRENT 


| | 
FIGURE 32. WRITE CIRCUIT FUNCTIONAL DIAGRAM 
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1.7.0 READ CIRCUIT OPERATION {FIGURE 33) 
® Duration of all read operations is under contro! of the using system. 
@ When the heads are loaded, the read signal! amplitude becomes active and is fed to ihe amplifier. 


@ As long as the heads are loaded and write gate is not active, the read signal is amplified and 
shaped, the square wave signals are sent to the host system. 


@ The data separator separates the read data into clock pulses and data pulses (SA851 only). 


1.7.4 When the using sysiem requires data from the diskette drive, the using system must first load the 
heads and select the side. With loading of the heads and write gate being inactive, the read signal is fed to 
the amplifier section of the read circuit. After amplification, the read signa! is fed to a filter where noise 
spikes are removed. The read signal is then fed to the differential amplifier. 

4.7.2 Since a pulse occurs at least once every 4us and when data bits are present once every 2s, the 
frequency of the read data varies. The read signal amplitude decreases as the frequency increases. Note 
the signals on Figure 31. The differential amplifier will amplify the read signals to even fevels and make 
square waves out of the read signals (sine waves). 


1.7.3 The data separator (SA851 only) is a single time constant separator, that is, the clock and data 
pulses must fall within pre-specified time frames or windows (single density only). 


READ DATA 


FIGURE 33. READ CIRCUIT FUNCTIONAL DIAGRAM 
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FIGURE 34. DATA SEPARATION TIMING DIAGRAM 


1.8.0 INTERFACE 


The Electrical interface between the SA850/851 drive and the host system is via three connectors. The first 
connector, J1, provides the signal interface; the second connector, J5, provides the DC power; and the third 
connector, J4, provides the AC power and frame ground. 


1.8.1 J1/P1 CONNECTOR 

Connection to J1 is through a 50 pin PCB edge card connector. The pins are numbered 1 through 50 with the 
even numbered pins onthe component side of the PCB and the odd numbered pins on the non-component 
side. Pin 2 is located on the end of the PCB connector closest to the AC motor capacitor and is labeled 2. A 
key slot is provided between pins 4 and 6 for optional connector keying. Refer to Figure 35. 

1.8.2 AC POWER (REFER TO TABLE 1) 


The AC power to the drive is via the connector P4/J4 located to the rear of the drive and below the AC motor 
capacitor. The P4/J4 pin designations are outlined in Table 1 for standard as well as optional AC power. 


1.8.3 DC POWER (REFER TO TABLE 2) 


DC power to the drive is via connector P5/J5 located on the non-component side of the PCB near the P4 con- 
nector. The two DC voltages and their specifications along with their P5/J5 pin designators, are outlined in 
Table 2, 


1.8.4 OUTPUT LINES 

There are five standard output lines from the SA850, and eight standard output lines from the SA851. Also, 
there are two optional output lines and eight alternate outputs available from either the SA850 or SAB51. The 
output signals are driven with an open collector output stage capabie of sinking a maximum of 40 ma ata 
logical zero level or true state with a maximum voltage of 0.4V measured at the driver. When the line driver is 
in @ logical one or fatse state, the driver is off and the collector current is a maximum of 250 microamperes. 


Refer to Figure 36 for the recommended circuit. 
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MAX FEET 
10 FT FLAT RIBBON OR 
20 FT TWISTED PAIR SA850/851 


WRITE CURRENT SWITCH \ 
TWO SIDED* 10 3 


DISK CHANGE" 


he 


SIDE SELECT 7 3 


IN USE" 


HEAD LOAD* 


mo 
“i 


no 
i=) 
wo 


READY 


SECTOR (851 ONLY) 


lawl 
ND 
Ld 


nN 
a 
nN 
w 


ia 
an 


ORIVE SELECT 1 (SIOE SELECT OPT) 26 25 
DRIVE SELECT 2 (SIDE SELECT OPT) 2a 27 


8 
N 
wo 


ORIVE SELECT 3 (SIDE SELECT OPT) 


DRIVE SELECT 4 (SIDE SELECT OPT). in 


DIRECTION SELECT {SIDE SELECT OFT} 


wa 
a 
w 
oo 


STEP 


WRITE DATA 


py 
fond 
a 
~n 


WRITE GATE 


a 
oO 
in 
oo 


TRACK 00 a 


f. 
tw 


WRITE PROTECT 


a 
a 

a 
a 


READ DATA 


> 

aD 
fh 
an 


SEP DATA (851 ONLY) 
a bi " 

SEP CLOCK (851 ONLY) 
a bl “° 


+5 VDC 
+5 V RETURN 


+24 VDC 


AC INPUT 
FRAME GROUND 


1 
2 
3 / y Ly FRAME GNO 


4 TWISTEO PAIA 


* These lines are alternate input/output lines and they are enabled by jumper piugs. 
Not shown are pins 4, 6 and 8 which are alternate 1/0 Bins. 


FIGURE 35. INTERFACE CONNECTIONS 
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MAX 10 FEET 
RIBBON OR 20 
FEET TWISTED 
PAIR 


7414 
7407/7438 


SA850 


ond 


115 V (Standard) 208/230V | 


1 85-127 VAC 170-253 VAC 85-127 VAC 170-253 VAC 
2 Frame Gnd Frame Gnd Frame Gnd Frame Gnd 
3 85-127 V Rtn 170-253 V Rtn 85-127 V Rtn 170-253 V Rtn 


MAX A 
CURRENT 0.35 Amps 0.25 Amps 


TABLE I. 


P5 yea 
DC VOLTAGE TOLERANCE CURRENT RIPPLE (p to p) 
4 VD 1.0A Max* 


Ee 
+5 VDC - + 0.25 VDC 


“H either customer installable option described in 
seclions 7.1 and 7.3 are used, ihe current require- 
men for the + 24-VDC is a multiple of the maximum 
+ 24V current times ihe number of drives on the 
ine. 


TABLE 2 
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2.0 MAINTENANCE SECTION 
2.1.0 MAINTENANCE FEATURES 
2.1.1 ALIGNMENT DISKETTE 


The SA122 Alignment Diskette is used for alignment of the SA850/851. The following adjustments can be 
made using the SA122. Adjustments are checked on head zero and head one. The drive under test should be 
jumpered to the 850 position. 


1. R/W Head radial alignment using track 38. 

2 Index Photo-Detector Adjustment using tracks 01 and 76. 
3. Track 00 is recorded with standard 18M 3740 format. 

4. TK 75 has 1f + 2f signal. 


NOTE: Caution should be exercised in using the SA122 Alignment Diskette. Tracks 00, 01, 36, 37, 38, 39, 
40, 75, and 76 should not be written on. To do so will destroy pre-recorded tracks. 


2.1.2 SA809 EXERCISER 


The SA809 Exerciser is built on a PCB whose dimensions are 8" x 8"’. The exerciser PCB can be used ina 
Stand alone mode or it can be built into a test station or used in a tester for field service. 


The Exerciser is designed to enable the user to make all adjustments and check outs required on the 
SA850/851 drives, when used with the SA122 Alignment Diskette. 


The exerciser has no intelligent data handling capabilities but can write both 1f and 2f frequencies. The exer- 
ciser can enable read in the drive to allow checking of read back signals. 


2.1.3 SPECIAL TOOLS 


The following specials tools are available for performing maintenance on the SA850/851. 


Description Part Number 
Alignment Diskette SA122 
Cartridge Guide Adj. Too! 50377-1 
Exerciser 50619-0 
Spanner Wrench __. 50752-0 
Head Penetration Tool Set 51218-0 


2.2.0 DIAGNOSTIC TECHNIQUES 

2.2.1 INTRODUCTION 

Incorrect operating procedures, faulty programming, damaged diskettes, and ‘‘soft errors’’ created by air- 
borne contaminants, random electrical noise, and other external causes can produce errors falsely at- 
tributed to drive failure or misadjustment. 


Uniess visual inspection of the drive discloses an obvious misalignment or broken part, attempt to repeat the 
fault with the original diskette, then attempt to duplicate fault on second diskette. 
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2.2.2 “SOFT ERROR” DETECTION AND CORRECTION 


Soft errors are usually caused by: 


1. 


Airborne contaminants that pass between the read/write head and the disk. Usually these con- 
taminanits can be removed by the diskette self-cleaning wiper. 


Random electrical noise that usually last for a few microseconds. 


Small defects in the wrilten data and/or track not detected during the write operation that may 
cause a soft error during a read. 


The following procedures are recommended to recover from the above mentioned soft errors: 


1. 
2. 


3. 
4. 


Reread the track ten (10) times or until such time as the data is recovered. 


lf data is not recovered after using step 1, access the head to the adjacent track in the same direc- 
tion previously moved, then return to the desired track. 


Repeat Step 1. 


if data is not recovered, the error is not recoverable. 


2.2.3 WRITE ERROR 


lf an error occurs during a write operation, it will be detected on the next revolution by doing a read opera- 
tion, commonly called a ‘write check’’. To correct the error, another write and write check operation must 
be done. if the write operation is not successful after ten (10) attempts have been made, a read operation 
should be attempted on another track to determine if the media or the drive is failing. {f the error stil! persists 
the diskette should be replaced and the above procedure repeated. If the failure stilt exists, consider the 
drive defective. If the failure disappears, consider the original diskette defective and discard it. 


2.2.4 READ ERROR 


Most errors that occur will be ‘‘soft’’ errors. in these cases, performing an error recovery procedure wil! 
recover the data. 


2.2.5 SEEK ERROR 


1. 


Actuator maifunction. 


To recover from a seek errar recalibrate to track 00 and perform another seek to the originat track. 
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2.2.6 TEST POINTS 850/851 


1 Read data signal 

2. Read data signal 

5. Signal ground 

6. Signa! ground 

7. Signal ground 

14. +Head toad 

12. -Index and 851 sector pulses (single sided disk) 
13. ~-Index and 851 sector pulses (double sided disk) 
16. +Read data 

17. -Data separator timing (long data window) 

18. -Data separator timing (short data window) 

25. +Write protect 

26. + Detect track 00 

27. +Gated step pulses 

28. Signal ground 

I. -Separated index (interface) 

R. -Ready (interface) 

S. -Separated sector 851 (interface) 


2.2.7 CONNECTORS 


2.7.1 J1/P1 provide the signal interface to the host system. The pin designators are as listed betow. 


2 

2. Write Current Switch 

4. Alternate /O 

6. Alternate /O 

8. Alternate I/O 

10. Two Sided (optional) 

12. Disk Change (optional) 

14, Side Select 

16. In Use (optional) 

18. Head Load (optional) 

20. Index 

21. Ready 

24. Sector (851 only) 

26. Drive Select 1 (or Side Select Option) 
28. Drive Select 2 (or Side Select Option) 
30. Drive Select 3 (or Side Select Option) 
32. Drive Select 4 (or Side Select Option) 
34, Direction Select (or Side Select Option) 
36. Step 

38. Write Data 

40. Write Gate 

42. Track 00 

44. Write Protect 

46. Read Data 

48. FM Sep Data (851 only) 

50. FM Sep Clock (851 only) 


NOTE: Ali odd numbered pins are ground. 
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2.2.7.2 J2/P2 provide control signals and power to the Head Load Actuator, the Head Position actuator 
dropping resitors, In Use LED and Door Lock solenoid and the detector assemblies. The pin designators are 
as listed below: 


Key 

+[n Use LED 

+ Track 00 LED 

+ Write Protected 

+ Index LED 

+ Door Closed 

-Door Closed 

Not used 

-Door Locked 

-Track 00 

+ Write Protected 

+ Index/Sector 0 Detector 
+tndex/Sector 1 Detector 
Key 

+ Stpr Wndg/Res A 

+ Stor Wndg/Res B 
-Head Load 

Key 

Ground 

Ground 

Ground 

Ground 

Ground 

Not Used 

Not Used 

+ 24V Door Lock 

40. +5¥V Track 00 Detector 
41. +5¥V Write Protect 

12. +5V Index (0 & 1) Detector 
13. Not Used 

14, Key 

15. +4+Stpr ResA 

16. 4Sipr Res B 

17. +24V Head Load 


OENMMNPONRCHAHMDVZSZECALSIMNMOOOpY 


2.2.7.3 JSP3 J3/P3 provides to interface to the Read/Write coils and the trim erase coils of the 
magnetic recording heads. The pins are listed below: 


Shield 0 

Key te 
Read/Write 01 
Side 0 CT 
Read/Write 02 
Erase 0 

Erase 1 
Read/Write 12 
Side 1 CT 

10. Read/Write 11 
41. Key 

12. Shield 1 


OANAAPRON 
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2.2.7.4 J4/P4 provide AC power and ground as listed below: 


1 -AC Motor Power A 
2 -Frame Ground 

3. AC Motor Power B 
2 


2.7.5 J5/P5 J5/P5 provide DC power and ground as listed below: 


1. + 24 Volts DC 

2. + 24 Volt Ground Return 
3 Not Used 

4. Not Used 

5. +5 Volts DC 

6. +5 Volts Ground Return 
2 


2.7.6 J6/P6 J6/P6 provide power to the Head Positioning actuator as listed below: 


+Stpr Wndg B 
+Stpr Wndg A 


1.  +Stpr Wndg/Res B 
2. Key 

3. +S8tpr Wndg/Res A 
4. 

5. 


2.3.0 PREVENTATIVE MAINTENANCE 

2.3.1 INTRODUCTION 

The prime objective of any preventive maintenance activity is to provide maximum machine availability to 
the user, Every preventative maintenance operation should assist in realizing this objective. Unless a 
preventive maintenance operation cuts machine downtime, it is unnecessary. 


Visual inspection is the first step in every scheduled maintenance operation. Always look for corrosion, dirt, 
wear, binds, and loose connections. Noticing these items during PM may save downtime later. 


Remember, do not do more than recommended preventative maintenance on equipment that is operating 
satisfactorily. 


2.3.2 PREVENTIVE MAINTENANCE PROCEUDRES 
Details of preventative maintenance operations are listed in Table 3. During normal perventative 


maintenance, perform only those operations tisted on the chart for that preventive maintenance period. 
Observe all safety procedures. 


FREQ. 
Sona CLEAN OBSERVE 
Read/Write Heads No maintenance required | Do not touch or clean 


Actuator band, Clean all oil, dust, and 
capstan and shaft dirt only if necessary 


Belt Frayed or weakened areas 


Inspect for ioose screws 


Base Clean base connectors, and switches 


Read/Write Head Check for proper alignment 


TABLE..3 
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2.3.3 CLEANLINESS ) 
Cleanliness cannot be overemphasized in maintaining the SA850/851. Do not lubricate the SA850/851; oil 

will allow dust and dirt to accumulate. To prevent damage the read/write heads should not be cleaned or 

touched. 

2.3.4 CAUTIONS 


The heads should never touch each other. Whenever removing or installing the heads insure a clean piece 
of lens tissue is inserted between the heads to prevent them from touching. 


a. Never open the cartridge guide access without first untoading the heads from the load bail (Section 
2.4.3). 


b. Insure the up stop is in proper adjustment so the diskette will clear the heads when it is inserted 
(Section 4.6.2). E 


c. Make sure the door lock is functioning properly so as not to remove a diskette while the heads are 
loaded. 


d. The Read/Write heads are factory aligned with a four track offset. Loosening the head mounting 
screw will destroy the alignment and the actuator assembly will have to be returned to the factory 


for alignment. 
2.4.0 REMOVALS, ADJUSTMENTS 
NOTE: Read the entire procedure before attempting a removal and/or adjustment. 
2.4.1 MOTOR DRIVE ) 
2.4.1.1 DRIVE MOTOR ASSEMBLY: REMOVAL AND INSTALLATION 
a. €xtract 3 contacts to disconnect motor from AC connector (J4). 


b. Loosen two screws holding capacitor clamp to the base. Remove rubber boot and disconnect 
motor leads from capacitor. 


c. Remove connectors from PCB and remove PCB. 

d. Remove belt from drive pulley. 

e. Remove 4 screws holding the motor to the base casting and remove motor. 

2.4.1.2 MOTOR DRIVE PULLEY 

a. Remove connectors from PCB and remove PCB. . 
b. Remove belt from drive puiley. 

c. Loosen set screw and remove pulley. 

d. Reverse procedure for installation. 


NOTE: When installing a new pulley, the drive pulley must be aligned with the spindle pulley so that the belt 
tracks correctly. 


2.4.2 HEAD COVER SHIELD REMOVAL ) 
a. Loosen the two screws holding cover to the guide opening assembly. 


b. Slide cover back toward drive and remove the cover. 


on 


2.4.3 CARTRIDGE GUIDE ACCESS 
a. Remove head cover shield (Section 2.4.2). 
b. Position head to approximately track 00 by turning the actuator shaft. 


c. Open cartridge guide by pressing pushbar on front of drive. 


d. Insert a clean piece of lens tissue between the heads to prevent them from touching each other 
and gently lower the moveable head arm assembly. 


e. Loosen the two screws holding the cartridge to door latch piate. 

CAUTION: Insure the head load arm is off the load bait first. 

f. Release safety catch on guide open assembly by pressing it towards the back of the drive. 
g. Swing cartridge guide out. 


h. To restore the cartridge guide to its normal position reverse the procedure and adjust per Section 
2.4,9.2. 


2.4.4 SECTOR/INDEX LED ASSEMBLY: REMOVAL AND INSTALLATION 
a. Disconnect the wires to LED terminals (solder joints). 

b. Remove the screw hoiding the LED assembly to the cartridge guide. 
c. Reverse the procedure for installation. 

d. Check index timing and readjust if necessary. Refer to Section 2.4.7.2. 
2.4.5 WRITE PROTECT DETECTOR 

2.4.5.1 WRITE PROTECT DETECTOR: REMOVAL AND INSTALLATION 
a. Remove connectors from PCB and remove PCB. 

b. €xtract wires from P2 connector, pins 4, D, 11, and M. 

c. Remove cable clamps. 

d. Remove head cover shield (Section 2.4.2). 

e. Remove screw holding the detector bracket and remove assembly. 


f. | Reverse procedure for reinstailing. Connect the wires to P2 by the following: Red to (4), Black to 
(D), White to (11), and Gray to (M). 


2.4.5.2 WRITE PROTECT DETECTOR ADJUSTMENT 

a. Insert a diskette into drive. Write protect notch or hole must be open. 

b. Set oscilloscope to AUTO sweep, 2V/div. and monitor TP25. 

c. Loosen screw on detector assembly and adjust until maximum amplitude is achieved. Tighten 


screw. Be sure the detector assembly is not to far forward as to restrict the diskette when it is in- 
serted. 
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2.4.6 HEAD LOAD MECHANISM ASSEMBLY 


2. 
a. 


b. 


4.6.1 HEAD LOAD MECHANISM: REMOVAL AND INSTALLATION 
Install a diskette. 
Remove head cover shield (section 2.4.2). 
Extract wires from P2 connector pins 77 and U. 
Unfasten the four mounting screws and remove the actuator assembly. 


To install, reverse the above procedure. Reference section 2.4.6.2 to adjust. 


When instatling, make sure that the fasteners for mounting the solenoid body do not interfere with 


the armature. 


2.4.6.2 HEAD LOAD MECHANISM ADJUSTMENT 


a. 


b. 


Apply power to the drive and insert a double-sided diskette (SA150). Step ta track 00 and select 
side 1 head. : 


Select the drive and insure the head is loading. With the head loaded a clearance of .020" + 
012’ should be obtained between the bail on the head load solenoid and the lift tab on the head 
arm (see Figure 37). To adjust this clearance turn the screw located on top of the armature (see 
Figure 37). Clockwise will decrease the clearance and counter-clockwise will increase the 
clearance. 


Load the head a couples of times and reverify the clearance required. 


Step to track 76 and load the head, check the clearance between the bail and the lift tab. Liff tab 
musi not be in contact with the bail, and clearance must be a minimum of .008" and no greater 
than .032”’ 


Return to track OO. 


(1) Sync oscilloscope on TP 11 (+ Head Load). Set time base to 10 mseci/division. Connect one 
probe to TPt and the other to TP2. Ground the probes on TPS. Set the inputs to AC couple, 
add and invert one input. Set the vertical deflection to 200 mv/division. 

(2} Select the side 1 head, energize the head toad solenoid and observe the read signal on the 
oscilloscope. The read signal should begin between 35 and 45 msec (see Figure 38), 

(3) Hf the read signal begins sooner than 35 msec loosen screw holding the loader spring adjust- 
ment plate. Slide plate towards the solenoid body (see Figure 37). If the read signal begins after 
50 msec, slide the plate away from the solenoid body. 


*When energizing the head load solenoid do not exceed one per second. 


A properly adjusted head load mechanism should load between 35 and 45 msec and the read 
signal shouid settle out in 50 msec. There should be no read signal between 0 and 30 msec. 
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BAIL ADJUSTMENT SCREW 


LOADER SPRING 
ADJUSTMENT PLATE 


BAIL AND LIFT TAB 
CLEARANCE 
020" + .012' 


FIGURE 38. HEAD LOAD TIMING 
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2.4.7 INDEXISECTOR PHOTO TRANSISTOR ASSEMBLY 
2.4.7.1 INDEXISECTOR PHOTO TRANSISTOR ASSEMBLY: REMOVAL AND INSTALLATION 


a. 


b. 


Cc. 
d. 


e. 


Disconnect P2 connector from PCB. 


Remove wires from Door Closed switch ORG Cammon, Grey N/C, and Red N/O. Extract wires from 
P2 connector Pins 12 BLK, N GREEEN, P BRN, 6 ORG, F GRAY, and H RED. 


Remove the cable clamp holding wires for detector. 
Remove screw holding detector to the base plate and remove assembly. 


To install reverse procedure. 


2.4.7.2 INDEXISECTOR ADJUSTMENT 


a. 


b. 


i. 


j- 


insert Alignment Diskette (SA122), 
Step carriage to track 01. 
Sync oscilloscope, externa! negative, on TP12 (-Index). Set time base to SOyusec/division, 


Connect one probe TP1 and the other to TP2. Ground probes to the PCB. Set the inputs to AC. Add 
and invert one channel. Set vertical deflection te SOOMVidivision. 


Observe the timing between the start of the sweep and the first data pulse. This should be 200 + 
10Qusec. If the timing is not within tolerance, continue on with the adjustment. 


Loosen the holding screw in the Index Transducer until the transducer is just able to be moved. 


Observing the timing, adjust the transducer until the timing is 200 + 10Qusec. Insure that the 
transducer assembly is against the registration surface on the base casting. 


Tighten the holding screw. 
Recheck the timing. 


Seek to track 76 and reverify that the timing is 200 + 10Cusec. 


2.4.8 SPINDLE ASSEMBLY 


a, 
b. 
Cc. 


d. 


Remove head cover shield {Section 2.4.2). 
Switch out cartridge guide (Section 2.4.3). 
Remove drive belt. 


Remove the nut and 2 spring washers holding the spindle pulley. The Spanner Wrench 50752 must 
be used to hold spindle. 


CAUTION: The pre-loaded rear bearing may fly out when spindle pulley is removed. 


e, 


f. 


q. 


Withdraw spindle hub from opposite side of baseplate. 
Reverse the procedure tor installation. 


Tighten nut to 20 inJibs., insuring that the soring washers are compressed. Add a drop of LOCTITE 
#290 to the threads. 
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( : 2.4.8.1 CLAMP HUB REMOVAL 


a. 


b. 


Cc. 


Remove hub clamp plate. 
Remove clamp hub and spring. 


To install, reverse the procedure. No adjustment necessary. 


2.4.9 CARTRIDGE GUIDE 


2.4.9.1 CARTRIDGE GUIDE REMOVAL 


a. 
b. 
Cc. 
d. 
e. 


f. 


g. 


Perform steps, 2.4.3, 2.4.4, 2.4.5 and 2.4.6.1. 

Loosen cartridge guide stop. 

Remove E-ring from pivot shaft. 

Remove pivot shaft. 

Tilt the cartridge guide slightly, and remove it from the upper pivot. 
To install the cartridge guide, reverse the procedure. 


Perform steps 2.4.5.2 and 2.4.5.2. 


2.4.9.2 CARTRIDGE GUIDE ADJUSTMENT 


Ct ‘ae 


Insert the shoulder screw (tool P/N 50377-1) through the adjustment hole in the cartridge guide and 
screw completely into the base casting (hand tight). 


Move the handie into the latched position and hold lightly against the latch. 

Tighten two screws holding the cartridge guide to the latch plate. 

Remove the tool and check to determine if the flange on the clamp hub clears the cartridge guide 
when the spindle is rotating. If the clamp hub rubs on the cartridge guide, repeat the adjustment 
procedure. 

Adjust the cartridge guide stop so that it is within .005 inch of the base casting. 

Check index alignment (Sector 2.4.7.2). 


Insert diskette, close and open door, then check for proper operation. 
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2.4.10 HEAD AMPLITUDE CHECK 
These checks are only valid when writing and reading back as described below. If the amplitude is below the 


minimum specified, before re-writing and re-checking, insure that the diskette is not ‘‘worn’’ or otherwise 
shows evidence of damage on either side. Insure head load down stop is properly adjusted (Section 2.4.6.2). 


a. Install good media. 

b. Select the drive and step to TK 76. 

c. Sync the oscilloscope on TP12 (-Index) for single sided diskettes, TP13 for double sided diskettes, 
connect one probe on TP2 and one on TP1, on the drive PCB. Ground the probes to the PCB and 
invert one input. Set volts per division to 50mv and time base to 20 Msec per division. 


d. Write the entire track with 2F signal (all one’s). 


e. The average minimum read back amplitude peak to peak, should be 130 millivolts for side 0 and 
130 millivolts for side 1. 


If the output is below minimum and different media is tried and the output is stil! low, it will be necessary to 
install a new head and actuator assembly. 


2.4.10.1 HEAD ACTUATOR ASSEMBLY: REMOVAL AND INSTALLATION 

a. Remove the connectors and the PCB. 

b. Remove cable clamp holding R/W head cable on PCB side of drive. 

c. Remove the grommet from the cable bracket on head side. 

d. Unload heads (Refer to Section 2.4.3, Steps D & E). 

e. Remove the two or four screws holding actuator assembly to the base casting. 


f. Carefully remove heads and actuator assembly from the drive. Take care as not to snag the heads, 
load arms, or read/write head cable on the casting. 


g. To install, procede as follows: 


(1) Hold aa at a slight angle towards you when installing (approximately 15°CCW viewed 
rom rear}. 


{2) Rotate actuator into position against the ledge while simultaneously lifting the arm tab with the : 
bail so that the heads are separated and the protective paper between them falls free. 


(3) Position the actuator casting firmly and squarely against the ledge on the base casting and 
secure with two or four screws and washers (install the locating screw nearest the ledge first). 
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( 2.4.10.2 HEAD PENETRATION ADJUSTMENT 


a. The tools necessary to perform this alignment procedure will consist of penetration gauge tool set, 


screwdriver and ‘’’ nut driver (see Figure 39). 


—_——__————-TOOL MASTER 


$< vA INDICATOR 


“=, ~__—_—_______ SCREWDRIVER 


+—————————_NUT DRIVER 


FIGURE 39. HEAD PENETRATION TOOLS 
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Set up the penetration dial indicator on the penetration tool master. Check penetration tool to make 
sure its indicating surfaces are clean and properly set; (long hand on zero and small hand on 
three) while it’s resting on the penetration tool master. See Figure 40. 


NOTE: When the tool is not being used, it should be kept where it won't be dropped or knocked off 
the work bench. 


FIGURE 40. DIAL INDICATOR 


With the drive in the horiztonal position, remove HAC shield and door open, slide the penetration 
plate into the drive with the tappered end in first and counter bore side up. Slide the plate up and 
over the spindle until it's squarely over the spindie and close the door. See Figure 41. 


NOTE: The penetration plate is made of harden tool steel and care should be used not to damage 
spindie or any other part of the drive during insertion of extraction. 


FIGURE 41. PENETRATION PLATE INSTALLATION 
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Next install the indicator block into the penetration plate untit you feel the block snap into place. 
See Figure 42. 


NOTE: Make sure all surfaces are clean, the block is squarely and fully snapped onto the plate. 
Also avoid handling the block by the indicator. 


FIGURE 42. DIAL INDICATOR INSTALLATION 
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( i e. The shaft the extends from the stepper motor can be used to move the head up far enough so the 
gauge point is indicating off the tab, on the side zero head as shown in Figure 43. 


f. Check the dial indicator for the proper setting. The long hand should be between + 3 and -3 with 
the short hand pointing at three. if penetration setting is out of this range then continue with pro- 
cedure starting at step 7. See Figure 44. 


GAUGE POINT 


INDICATION TAB 
FIGURE 43. INSTALLATION CHECK 


FIGURE 44. CORRECT PENETRATION 
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MOUNTING 
SCREWS 


HAC CASTING 
FLUSH 


FIGURE 45. PENETRATION ADJUSTMENT 


With the penetration gauge installed set the drive up in the vertical! position, the AC motor should 
be closest to the bench. 


Loosen the two or four mounting screws using a '4”’ nut driver. 


Adjust HAC assembly left to right until the reading on the penetration gauge reads; small hand on . 
three and long hand on zero + .003. 


A. Jf small hand is on the left side of three, the HAC assembly must go to the right. 
B. If small hand is on the right side of three, the HAC assembly must go to the left. 


When penetration is set tighten the two or four mounting screws using a %"" nut driver. 


As you tighten the two mounting screws, make sure the HAC casting is flush (making contact) with 
the machined lip on the base casting. 


Check penetration gauge again to insure proper alignment. lf not return to procedure step 7. 


Remove the indicator block (remember to handle with care). Open the door and remove the ) 
penetration gauge. 


Replace the HAC shield. 
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(~~ __2,4.10.3 HEAD RADIAL ALIGNMENT 


NOTE: The actuator assembly is aligned at the factory and adjustment is not normally required after replac- 


a. 


ing a head and actuator assembly. lf after checking and the lobes are within 70% of each other, 
alignment is not recommended. 


Insert Alignment Diskette (SA122). 


NOTE: Alignment diskette should be at room conditions for at least 1 hour before alignment checks. 


b. 


c. 


j. 


Steps the heads to track 38. 


Sync the oscilloscope, external negative, on TP12 (-Index). Set the time base to 20Msec per divi- 
sion. This will display over one revolution. 


Connect one probe to TP1 and the other to TP2. Ground the probes to the PCB. Set the inputs to 
AC, Add and invert one channel. Set the vertical deflection to 100MV/division. 


The amplitude of the two lobes must be within 70% of each other. If the lobes do not fall within this 
specification continue on with the procedure (Refer to Figure 46). 


Loosen the two or four mounting screws, which hold the motor plate to the support bracket (Refer 
to Figure 47). 


Move the piate, by rotating the eccentric adjusting nut. 


When the lobes are of an equal amplitude, tighten the motor plate mounting screws (Refer to 
Figure 47). 


Check the adjustment by stepping off track and returning. Check in both directions and readjust as 
required. 


Whenever the Head Radial Alignment has been adjusted the Track 00 detector adjustment must be 
checked. (Section 2.4.11.2). 


2.4.10.4 READ/WRITE HEADS AZIMUTH CHECK 


The azimuth is not field adjustable. If, after performing this check the waveform on the oscilloscope is not 
within + 18° replace the Head Actuator Assembly. 


‘ a. 


b. 


Install Alignment Diskette SA122. Select the drive and step to track 76. 
Sync the scope external negative on TP12, set time base to .5 MSec per division. 


Connect one probe to TP1 and the other to TP2. Invert one channel and ground the probes to TPS 
& 6. Set the inputs te AC, ADD, and 50 MV per division. 


Compare waveform to Figure 48. If not within the range shown replace the Head Actuator 
Assembly 2.4.10.1 
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EVEN AMPLITUDE (100%}, ON TRACK 


LEFT 80% OF RIGHT, +1 MIL OFF TRACK TOWARD TK 0 


LEFT 60% OF RIGHT, +2 MIL OFF TRACK TOWARD TK 0 


LEFT 40% OF RIGHT, +3 MIL OFF TRACK TOWARD TK 0 


RIGHT 80% OF LEFT, -1 MIL OFF TRACK TOWARD 76 


RIGHT 60% OF LEFT, -2 MIL OFF TRACK TOWARD 76 


RIGHT 40% OF LEFT, -3 MIL OFF TRACK TOWARD 76 


FIGURE 46. HEAD RADIAL ALIGNMENT 


FIGURE 47. MOTOR PLATE 
2.4.11 DOOR LOCK SOLENOID AND IN USE LED ASSEMBLY REMOVAL 
a. Perform steps 2.4.12a and 2.4.12h. 
b. Remove door tock assembly 
c. Reverse procedure to install new assembly. 
d. Adjust of the door lock should not be necessary. If it has to be, the gap between the armature tab 


and the latch should be .015 + .010. This adjustment can be made by loosening the two screws on 
the armature. 
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( - FIGURE 48. AZIMUTH BURST PATTERNS 
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2.4.12 TRACK 00 DETECTOR: REMOVAL AND INSTALLATION 


h. 


Remove head cover shield (Section 2.4.2). 

Swing cartridge guide open (Section 2.4.3). 

Manually rotate stepper shaft and move carriage to track 77. 

Remove screw holding bracket to base casting and remove bracket and detector. 
Remove PCB connector and remove PCB. 

Extract cable from P2 connector; Pin 3 BRN, C BLACK, 10 ORANGE, and L RED. 
Remove cable clamps and remove Detector assembly. 

To install, reverse the procedure. 


Adjust according to Section 2.4.11.2. 


2.4.12.1 TRACK 00/76 STOP ADJUSTMENT 


a. 


Not field adjustable. 


2.4.12.2 TRACK 00 DETECTOR ASSEMBLY ADJUSTMENT 


a. 


b. 


Check head radial alignment and adjust if necessary before making this adjustment. 
Insert diskette. 
Connect oscilloscope to TP26. Set vertical deflection of 1v/division and sweep to continuous. 


Step carriage to track 02. TP26 should go low. Adjust the detector assembly towards the actuator 
assembly if not low. 


Check the adjustment by stepping the heads between tracks 00 and 02, observing that TP26 is low 
at track 02 and high at track 00. A perfect adjustment is if you have a square wave on a scope. 


2.4.13 FRONT PLATE ASSEMBLY REMOVAL 


a. 


Insert the cartridge guide adjustment tool (P/N 50377-1) through the adjustment hole in the car- 
tridge guide and screw completely into the base hold casting (hand tight). 


Remove the door lock wires from P2, Pin 2-btack, B-brown, 9-violet and K-blue. 

Remove the cable clamp holding the door lock wires. 

Remove the two alien head screws holding the handle to the front plate and remove the handie. 
Remove the four screws holding the front plate to the base casting. 

Remove two screws holding door lock assembly to the front plate. 

Remove two allen head screws holding the In Use LED to the door lock assembly. 

Grasp both ends of the push button and bow outwards to remove LED. 

Reverse procedure to install. 


Check Index adjustment (Section 2.4.7.2). 
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FIGURE 49. (1 of 2) 
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1.0 INTRODUCTION 

1.1 GENERAL DESCRIPTION 

The SA850/851 diskette storage drives are enhanced double-headed versions of the standard Shugart 
SA800/801 drives. SA850/851 drives provide up to four times the on-line storage capacity, faster access 
time, and lower heat dissipation along with improved reliability and maintainability. 

SA850/851 drives read and write in single or double density on standard diskettes and on both sides of two- 
sided diskettes. The drives are exactly the same size as Shugart SA800/801 drives and are plug compatible. 
The SA850/851 drives are also media compatible with IBM 3740 and S/32 single-sided drives as well as IBM 
4964 and 3600 series two-sided units. 

The proprietary Fasflex™ actuator utilizes a flexible metal band for sure low friction head movement and a 
fast 3 ms track-to-track access time. In addition, Shugart's Bi-Compliant™ read/write head assembly pro- 
vides superior compliance resulting in excellent data integrity. 

Other valuable features include: programmable door lock and write protect plus dual index sensor to dif- 
ferentiate between single and two-sided diskettes. 


The SA850/851 will prove highly cost-effective in applications such as: intelligent terminals, minicom- 
puter/microcomputer systems, small business systems as well as word processing systems and intelligent 
calculators. 

Key Features 

@ Storage capacity of up to four times that of SA800 and other standard floppy drives. 

Single or double density (standard). 

Same physical size as standard SA800/801 product family. 

$A800/801 I/O compatibility. 

Improved access time over standard drives - 3 ms track-to-track. 

Proprietary Fasflex' actuator. 

Bi-Compliant read/write head assembly. 


Write protect and programmable door lock are standard for improved data security. 


Lower Heat dissipation. 


Improved AC connector. 


1.2 SPECIFICATION SUMMARY 


1.2.1 PERFORMANCE SPECIFICATIONS 


Capacity 
Unformatted 
Per Disk 
Per Surface 
Per Track 


IBM Format (128 byte sectors) 


Per Disk 
Per Surface 
Per Track 
Transfer Rate 
Latency (Avg.) 
Access Time 
Track to Track 


Average (including settling) 


Settling Time 
Head Load Time 


Single Density 


800 kilobytes 
400 kilobytes 
5.2 kilobytes 


500 kilobytes 
250 kilobytes 
3.3 kilobytes 


250 kilobits/sec. 


83 ms 


3ms 
91 ms 
15 ms 
50 ms 


1.2.2 FUNCTIONAL SPECIFICATIONS 


Rotational Speed 
Recording Density 
{inside track) 
Flux Density 
Track Density 
Cylinders 
Tracks 
Heads 
Physical Sectors 
SA850/R 
SA851/R 
Index 
Encoding Method 
Media Requirements 
SA850 


SA851 
Alignment Diskette 


Single Density 


360 rpm 
3408 bpi 


6816 fei 


SA150/IBM 
Diskette 2D 
SA151 
SA122 


Double Density 


1600 kilobytes 
800 kilobytes 
10.4 kilobytes 


1000 kilobytes 
500 kilobytes 
6.66 kilobytes 


500 kilobits/sec. 


83 ms 


3 ms 
91 ms 
15 ms 
50 ms 


Double Density 


360 rpm 
6816 bpi 


6816 fci 
48 tpi 
77 
154 
2 


0 
32 


1 
MFM/M?FM 


SA150/IBM 
Diskette 2D 
SA151 
SA122 


1.2.3 PHYSICAL SPECIFICATIONS 


Operating Shipping 
Environment Limits 
Ambient Temperature 40° to 115°F -40° to 144°F 
Relative Humidity 20 to 80% 1 to 95% 
Maximum Wet Bulb 85°F No condensation 


AC Power Requirements 
50/60 Hz + 0.5 Hz 
100/115 VAC Installations = 85 to 127V @ .35A Max. 
200/230 VAC Installations = 170 to 253V @ .25A Max. 
DC Voltage Requirements 
+ 24VDC + 10% 1.0A Max. 
+ 5VDC+ 5% 1.1A Max. 
Mechanical Dimensions (exlusive of front panel) 


SA850A/851R $SA850/851 
Height = 4.62in.(117 mm) = 4.62 in. (117 mm) 
Width = 8.55 in. (217 mm) —- 9.50 in. (241 mm) 
Depth = 14.25 in. (362 mm) 14.25 in. (362 mm) 
Heat Dissipation Typical Maximum 
BTU/Hr. 200 245 
Watts 60 72 


1.2.4 RELIABILITY SPECIFICATIONS 


MTBF: 5000 POH under heavy usage. 
8000 POH under typical usage. 
MTTR: 30 minutes 
Componenti Life: 15,000 POH 
Error Rates: 
Soft Read Errors: 1 per 10° bits read. 
Hard Read Errors: 1 per 10'2 bits read. 
Seek Errors: 1 per 10® seeks. 
Media Life: 
Passes per Track 3.5 x 108 
Insertions: 30,000 + 


Storage 


-8° to 117°F 
1 to 95% 
No condensation 


2.0 FUNCTIONAL CHARACTERISITICS 
2.1 GENERAL OPERATION 


$A850/851 Diskette Storage Drives consist of read/write and control electronics, drive mechanism, Bi- 
Compliant read/write heads and a track positioning mechanism. These components perform the following 


functions: 
Interpret and generate control signals. 
Move read/write heads to the selected track. 
Read and write data. 


The Fastlex™ Head Positioning Actuator positions the read/write heads to the desired track on the diskette. 
The Head Load Solenoid loads the read/write heads against the diskette and data may then be recorded on 
or read from the diskette. 

2.2 READ/WRITE AND CONTROL ELECTRONICS 

The electronics are packaged on one PCB. The PCB contains: 

1. Index Detector Circuits (Sector/Index for 851) 

2. Head Position Actuator Driver. 

3. Head Load Solenoid Driver. 

4. Read/Write Amplifier and Transition Detector. 

5. Data/Clock Separation Circuits (SA851 only). 

6. Write Protect 

7. Drive Ready Detector Circuit. 

8. Drive Select Circuits. 

9. Side Select Circuit. 

10. In Use and Door Lock Circuits. 

11. Write Current Switching/Read Compensation. 

2.3 DRIVE MECHANISM 

The Diskette drive motor rotates the spindle at 360 rpm through a belt-drive system. 50 or 60 Hz power is ac- 
commodated by changing the drive pulley and belt. A registration hub, centered on the face of the spindle, 
positions the Diskette. A clamp that moves in conjunction with the cartridge guide fixes the Diskette to the 
registration hub. : 

2.4 POSITIONING MECHANISM 

The read/write heads are accurately posiiioned by Fasfiex™ metal band/stepping motor actuator system. A 
precision stepping motor is used to precisely position the head/carriage assembly through the use of a uni- 


que metal band/capstan concept. Each 3.6° rotation of the stepping motor moves the read/write head one 
track in discrete increments. 
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FIGURE 1. SA850/851 FUNCTIONAL DIAGRAM 


2.5 READ/WRITE HEADS 


The proprietary heads are a single element ceramic read/write head with straddle erase elements to provide 
erased areas between data tracks. Thus normal interchange tolerances between media and drives will not 
degrade the signal to noise ratio and insures diskette interchangeability. 


The diskette is held in a plane perpendicular to the read/write heads by a platen located on the base casting. 
This precise registration assures perfect compliance with the read/write heads. The flexure-mounted head is 
loaded against its rigidly mounted counterpart via the head load solenoid. The read/write heads are in direct 
contact with the diskette. The head surface has been designed to obtain maximum signal transfer to and 
from the magnetic surface of the diskette. 


3.0 FUNCTIONAL OPERATIONS 

3.1 POWER SEQUENCING 

Applying AC and DC power to the SA850/851 can be done in any sequence, however, once AC power has 
been applied, a 2 second delay must be introduced before any Read or Write operation is attempted. This 
delay is for stabilization of the Diskette rotational speed. Also, after application of DC power, a 90 millise- 
cond delay must be introduced before a Read, Write, or Seek operation or before the contro! output signals 
are valid. After powering on, initial position of the read/write heads with respect to data tracks is indeter- 


minable. In order to assure proper positioning of the read/write heads prior to any read/write operation after 
powering on, a Step Out operation should be performed until the Track 00 indicator becomes active. 


3.2 DRIVE SELECTION 

Drive selection occurs when a drive's Drive Select line is activated. Only the drive with this line active will 
respond to input lines or gate output lines. Under normal operation, the Drive Select line will load the 
read/write head, apply power to the stepper motor, enable the input lines and output lines, light the Activity 
LED on the front of the drive and lock the door. Optional modes of drive selection are discussed in Section 7. 
3.3 TRACK ACCESSING 

Seeking the read/write head from one track to another is accomplished by: 

a. Activating Drive Seiect line. 

b. Selecting desired direction utilizing Direction Select line. 

c. Write Gate being inactive. 

d. Pulsing the Step line. 

Multiple track accessing is accomplished by repeated pulsing of the Step line until the desired track has 
been reached. Each pulse on the Step line will cause the read/write heads to move one track either in or out 
depending on the Direction Select line. Head movement is initiated on the trailing edge of the Step Pulse. 
3.3.1 STEP OUT 

With the Direction Select line at a plus logic level (2.5V to 5.25V) a pulse on the Step line will cause the 
read/write heads to move one track away from the center of the disk. The pulse(s) applied to the Step line 
and the Direction Select line must have the timing characteristics shown in Figure 2. 

3.3.2 STEP IN 

With the Direction Select line at a minus logic level (OV to .4V), a pulse on the Step line will cause the 


read/write heads to move one track closer to the center of the disk. The pulse(s) applied to the Step line must 
have the timing characteristics shown in Figure 2. 


DC POWER 


DRIVE SELECT 


DIRECTION SELECT 


STEP 


1us MIN : 
TL a 


FIGURE 2. TRACK ACCESS TIMING 


3.4 SIDE SELECTION 

in the standard SA850/851, head selection is controlled via the I/O signat line designated Side select. A plus 
logic level on the Side Select line selects the read/write head on the side O surface of the diskette. A minus 
logic level selects the side 1 read/write head. When switching from one side to the other, a 100us delay is re- 
quired after Side Select changes state before a read or write operation can be initiated. Figure 3 shows the 
use of Side Select prior to a read operation. 


Two jumper-selectable Side Select options are also available. Either of these can be implemented to make 
use of existing controller and cable harness design. These options are described futly in Section 7. 


DC POWER __ 


DRIVE SELECT a2 , 


TEP | ; 
ae 90 ms . | : 
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100s 


WRITE GATE 


VALID READ DATA 


90 MS MIN* 


*2 SECONDS IF AC AND DC POWER ARE APPLIED AT THE SAME TIME 


FIGURE 3. READ INITATE TIMING 
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FIGURE 4. FM, MFM AND M2FM CODE COMPARISONS 
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B= LEADING EDGE OF BIT MAY BE + 200ns FROM ITS NOMINAL POSITION 


FIGURE 5. READ SIGNAL TIMING (FM ENCODING) 
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3.5 READ OPERATION 

Reading data from the SA850/851 Diskette Storage drive is accomplished by: 
a. Activating Drive Select line. 

b. Selecting head. 


c. Write Gate being inactive. 


The timing relationships required to initiate a read sequence are shown in Figure 3. These timing specifica- 
tions are required in order to guarantee that the read/write head position has stabilized prior to reading. 


The coding scheme of the recorded data can be FM, MFM or M2FM. The first of these, FM, provides single- 
density recording. The superior efficiency of the other two codes permit their bit cell period to be % that of 
the FM code, thereby providing doubie-density recording. Differences among FM, MFM and M2FM encoding 
are concerned with the use of clock bits in the write data stream. 


FM encoding rules specify a clock bit at the start of every bit cell. See Figure 4. MFM and M2FM encoding 
rules allow clock bits to be omitted from some bit cells, with the following prerequisites: 


a. MEM - The clock bit is omitted from the current bit cell if either the preceding bit cell or the current 
bit cell contains a data bit. See Figure 4. 


b. M2EM - The clock bit is omitted from the current bit cell if the preceding bit cell contained any bit 
(clock or data) or if the current bit cell contains a data bit. See Figure 4. 


In all three of these encoding schemes, clock bits are written at the start of their respective bit cells and data 
bits at the center of their bit cells. 


The timing of the read signals, Read Data, Separated Data and Separated Clock are shown in Figure 5 (FM 
encoding). 


In the standard SA851, data separation of FM data is performed by the drive electronics. Data bits are 
presented to the controller on the Sep Data line and clock bits are presented on the Sep Clock line. In 
systems using the SA850 or when MFM/M2FM encoding is used, data separation is performed outside the 
drive. IN such cases, the Read Data line carries both clock bits and data bits. Separation is MFM or M@FM 
encoded read data should be controlled by a phase-locked loop oscillator (PLO) circuit. 


For additional information regarding the use of MFM and M2FM encoding with SA850/851 drives, refer to 
Shugart Associates’ Double Density Design Guide. 
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3.6 WRITE OPERATION 


Writing data to the SA850/851 is accomplished by: 


a. 
b. 
Cc. 
d. 


e. 


Activating the Drive Select tine. 

Selecting head. 

Activating the Write Gate line. 

Pulsing the Write Data line with the data to be written. 


Head Current switching. 


The timing relationships required to initiate a write data sequence are shown in Figure 6. These timing 
specifications are required in order to guarantee that the read/write head position has stabilized prior to 


writing. 


Write data encoding can be FM, MFM or MFM. If either double-frequency encoding scheme is used (MFM 
or M2FM) the write data should be precompensated to counter the effects of bit shift. The amount and direc- 
tion of compensation required for any given bit in the data stream depends on the pattern it forms with near- 


by bits. 


For more details regarding data encoding and formatting for SA850/851 drives, refer to Shugart Associates’ 
Double Density Design Guide. 
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DC POWER 
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DRIVE SELECT 


- 50 MS MIN - 
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WRITE DATA acim 7 Uae i a rs 


*2 SECONDS IF AC AND DC POWER ARE APPLIED AT SAME TIME. 


FIGURE 6. WRITE INITIATE TIMING 
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FIGURE 7. WRITE DATA TIMING (FM ENCODING) 
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3.7 SEQUENCE OF EVENTS 


The timing diagram shown in Figure 8 shows the necessary sequence of events with associated timing 
restrictions for proper operation. 


AC POWER 


DBC POWER 


—>| -— 90 ms MIN* 
VALID CONTROL 
OUTPUT SIGNALS | 


500ns MAX 


DRIVE SELECT —T1 


SIDE SELECT 
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WRITE GATE i 
| saa MIN 
ar ek ms MiN* 
bq! nore 1 a gem Aus MAX af 


18 ms MIN 1 = 50us MIN 
VALID READ 


DIRECTION eeelciee . 


STEP 


90 ms MAX =>} 


*2 SECONDS IF AC AND DC POWER ARE APPLIED AT SAME TIME. 
**WHEN CHANGING DIRECTION ON THE HEAD A 15 MS DELAY MUST BE INTRODUCED. 


NOTE 1 50 ms minimum detay must be introduced after Drive 
Select to altow for proper head toad settling. If stepper 
power is to be applied independent of Head Load, then 
a 15 ms minimum defay must be introduced to allow for 
stepper settling. See section 7 on optional customer 
installable features. 


FIGURE 8. GENERAL CONTROL AND DATA TIMING REQUIREMENTS 
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FIGURE 9. INTERFACE CONNECTIONS 
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4.0 ELECTRICAL INTERFACE 

The interrace of the SA850/851 Diskette drive can be divided into two categories: 
1. Signal 

2. Power 

The following sections provide the electrical definition for each line. 

Reference Figure 9 for all interface connections. 

4.1 SIGNAL INTERFACE 

The signal interface consists of two categories: 

1. Control 

2. Data transfer 


Ali tines in the signal interface are digital in nature and either provide signals to the drive (input), or provide 
signats to the host (output), via interface connector P1/J1. 


4.1.1 INPUT LINES 


There are thirteen (13) signal input fines, ten (10) are standard and three (3) are user installable options 
(reference section 7). 


The input signals are of two types, those intended to be multiplexed in a multiple drive system and those 
which will perform the multiplexing. The input signals to be multiplexed are: 


1. Direction Select 


2. Step 

3. Write Data 
4. Write Gate 
5. Side Select 


6. Head Current Switch/Active Read Compensation 

7. In Use 

8. Head Load 

The input signals which are intended to do the multiplexing are: 
1. Drive Select 1 

2. Drive Select 2 

3. Drive Select 3 


4. Drive Select 4 


The input circuit lines have the following electrical specifications. Reference Figure 10 for the recommend- 
ed circuit. 


True = Logical zero = Vin + 0.0V to +0.4V @lin = 40 ma (max) 
False = Logical one = Vin + 2.5V to +5.25V @lin = 250za (open) 


inout Impedance = 150 ohms 


MAX 10 FEET 
RIBBON OR 20 
FEET TWISTED 
PAIR 


7414 


FIGURE 10. INTERFACE SIGNAL DRIVER/RECEIVER 


4.1.1.1 INPUT LINE TERMINATION 


The SA850/851 has been provided with a removable resistor pack for terminating the seven input lines that 
are to be multiplexed. 


In order for the drive to function properly, the last drive on the interface must have these seven lines 
terminated. Termination of these lines can be accomplished by either of two methods. 


1. As shipped from the factory, the resistor pack is installed in location 5E. These packs can be 
removed from ali drives except the 4ast one on the Inteface. 


2. External termination may be used provided the terminator is beyond the last drive. Each of the five 
lines shoutd be terminated by using a 150 ohm, % watt resistor, pulled up to + SVDC. 


The same removable resistor pack is also provided for terminating the optional input lines. 
4.1.1.2 DRIVE SELECT 1-4 


Drive Select when activated to a iogical zero lievei, activates the multiplexed I/O lines and loads the 
read/write head. In this mode of operation only the drive with this line active will respond to the input lines 
and gate the output tines. 


Four separate input lines, Drive Select 1, Drive Select 2, Drive Select 3, and Drive Select 4, are provided so 
that up to four drives may be multiplexed together in a system and have separate Drive Select lines. Traces 
‘DS1', ‘DS2’, 'DS3’, and ‘DS4’ have been provided to select which Drive Select line will activate the inter- 
face signals for a unique drive. As shipped from the factory, a shorting plug is installed on ‘DS1'. To select 
another Drive Select line, this plug should be moved to the appropriate ‘DS’ pin. 
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4.1.1.3 SIDE SELECT 


This interface line defines which side of a two-sided diskette is used for reading or writing. An open circuit, or 
logical one, selects the read/write head on the side 0 surface of the diskette. A short to ground, or logical 
zero, selects the read/write head on the diskette’s side 1 surface. When switching from one head to the 
other, a 100us delay is required before any read or write operation can be initiated. 


Two optional methods of side selection are available and can be implemented by the user through ap- 
propriate jumper connections. These options are described in Sections 7.9 and 7.10. 


4.1.1.4 DIRECTION SELECT 


This interface line is a control signal which defines direction of motion the read/write heads will take when 
the Step line is pulsed. An open circuit or logical one defines the direction as ‘‘out’’ and if a pulse is applied 
to the Step line the read/write heads will move away from the center of the disk. Conversely, if this input is 
shorted to ground or a logicai zero level, the direction of motion is defined as ‘‘in’’ and if a pulse is applied to 
the step line, the read/write heads will move towards the center of the disk. 


A jumper-selectable option is available, which allows the Direction Select line to be time shared for both the 
Direction Select and Side Select functions. That is, during head positioning operations, the Direction Select 
line controjs direction of head motion and during read or write operations, the Direction Select line deter- 
mines which head is selected. Details regarding the implementation of this option are provided in Section 
7.9. 


NOTE: A 15ms delay must be introduced when changing direction (i.e., the last step in pulse to first step out- 
pulse or vice versa). 


4.1.1.5 STEP 


This interface line is a control signal which Causes the read/write heads to move with the direction of motion 
as defined by the Direction Select line. 


The access motion is initiated on each logical zero to logical one transition, or the trailing edge of the signal 
pulse. Any change in the Direction Select line must be made at teast 18 before the trailing edge of the Step 
pulse. Refer to Figure 2 for these timings. 


4.1.1.6 WRITE GATE 


The active state of this signal (logical zero) enables Write Data to be written on the diskette. The inactive 
state (logical one) enables the read data logic (Separated Data, Separated Clock, and Read Data) and step- 
per logic. Refer to Figure 6 for Write Initiate timing information. 


4.1.1.7 WRITE DATA 

This inteface lines provides the data to be written on the diskette. Each transition from a jogical one !evel toa 
logical zero level will cause the current through the read/write head to be reversed, thereby writing a data 
bit. This line is enabled by Write Gate being active. Refer to Figure 7 for timing information. 

4.1.1.8 HEAD LOAD (ALTERNATE INPUT) 

This customer installable option, when enabled by jumpering Trace ‘‘C’’ and activated to a logical zero level 
and the diskette access door is closed, will load the read/write heads against the diskette. Refer to section 
7.15for uses and method of installation. 

4.1.1.9 IN USE (ALTERNATE INPUT) 

This customer installabie option, when enabled by jumpering Trace ‘'D’’ and activated to a logical zero level 


will turn on the Activity LED in the door push button and will lock the door. This signal is an '‘OR’’ function 
with Drive Select. Refer to section 7.6 for uses and method of instailation. 
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4.1.1.10 WRITE CURRENT SWITCH/ACTIVE READ COMPENSATION 

Reference section 7.13 

4.1.2 OUTPUT LINES 

There are five standard output lines from the SA850, and eight standard output lines from the SA851. Also, 
there are two optional output lines and three alternate outputs available from either the SA850 or SAB51. The 
output signals are driven with an open collector output stage capable of sinking a maximum of 40 ma at a 
logical zero level or true state with a maximum voltage of 0.4V measured at the driver. When the tine driver is 
in a logical one or false state, the driver is off and the collector current is a maximum of 250 microampers. 
Refer to Figure 10 for the recommended circuit. 

4.1.2.1 TRACK 00 

The active state of this signal, or a logical zero indicates when the drive's read/write heads are positioned at 
track zero (the outermost track) and the access circuitry is driving current through phase one of the stepper 
motor. This signal is at a logical one level, or false state, when the selected drive's read/write heads are not 
at track 00. 

4.1.2.2 INDEX 

This interface signal is provided by the drive once each revolution of the diskette (166.67 ms) to indicate the 
beginning of the track. Normally this signal is a logical one and makes the transition to the logical zero level 
for a period of 1.8 ms (0.4 ms on SA851) once each revolution. The timing for this signal is shown in Figure 
11. 


To correctly detect Index at the control unit, Index should be false at Drive Select time: that is, the controller 
should see the transition from false to true after the drive has been selected. 


For additional methods of detecting Index, refer to section 7.5. 


we 67 + 3.33 “s+ 
| | 18+ 6 = as 
(0.4 + 0.2 MS SA851} 


FIGURE 11. INDEX TIMING 


4.1.2.3 SECTOR (SA851 only) 

This interface signal is provided by the drive 32 times each revolution. Normally, this signal is a logical one 
and makes the transition to a logical zero for a period of 0.4 ms each time a sector hole on the Diskette is 
detected. Figure 12 shows the timing of this signal and its relationship to the index pulse. 


NOTE: Index/Sector pulses should not be used for loading the Read/Write heads as this may cause unusual 
media wear in one spot on the diskette. 


4.1.2.4 READY 
This interface signal indicates that two index holes have been sensed after properly inserting a diskette and 


Closing the door, or that two index holes have been sensed following the application of + 5V power to the 
drive. Three holes have to be sensed for two sided diskettes. 
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l~ =| 520+ 30 MS | +=? MS 


. “ be 2e021 MS 


FIGURE 12. SECTOR TIMING 
if a single sided diskette is installed, READY will be active (logical zero) if SIDE 0 is selected, but false 
(togica!l 1) if SIDE 1 is selected. Conversely, if a two-sided diskette is installed, READY will be active when 
either side of the diskette is selected. 
For additional methods of using the Ready line, refer to section 7.4. 
4.1.2.5 READ DATA 
This interface line provides the ‘‘raw data’’ (clock and data together) as detected by the drive electronics. 
Normally, this signal is a logical one ieve! and becomes a logical zero level for the active state. Reference 
Figure 5 for the timing and bit shift tolerance within normal media variations. 
4.1.2.6 SEP DATA {(SA851 only) 
This interface line furnishes the data bits as separated from the ‘‘raw data’ by use of the internal data 
separator. Normally, this signal is a jogical one level and becomes a logical zero level for the active state. 
Reference Figure 5 for the timing 
4.1.2.7 SEP CLOCK (SA851 only) 
This interface line furnishes the clock bits as separated from the ‘‘raw data’’ by use of the internal data 
separator. Normally, this signal is a logical one level and becomes a logical zero level for the active state. 
Reference Figure 5 for the timing. 
4.1.2.8 WRITE PROTECT 
This interface signal is provided by the drive to give the user an indication when a Write Protected Diskette is 
installed. The signal is a logical zero level when it is protected. Under normal operation, the drive will inhibit 
writing with a protected diskette installed in addition to notifying the interface. 
For other methods of using Write Protect, refer to section 7.7 
4.1.2.9 DISK CHANGE (OPTIONAL OUTPUT) 
Reference section 7.8. 
4.1.2.10 TWO SIDED (OPTIONAL OUTPUT) 
Reterence section 7.12. 


4.1.3 ALTERNATE {/O PINS 


These interface pins have been provided for use with customer installable options. Refer to section 7 for 
methods of use. 
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4.2 POWER INTERFACE 


The SA850/851 Diskette Storage Drive requires both AC and DC power for operation. The AC power is used 
for the spindle drive motor and the DC power is used for the electronics and the stepper motor. 


4.2.1 AC POWER 


The AC power to the drive is via the connector P4/J4 tocated to the rear of the drive and below the AC motor 
capacitor. The P4/J4 pin designations are outlined in Table 1 for standard as weil as optional AC power. 


en —— a et 
en 115 V (Standard) 208/230V | 110V 220V 


85-127 VAC 170-253 VAC 85-127 VAC 170-253 VAC 
Frame Gnd Frame Gnd Frame Gnd Frame Gnd 


85-127 V Rtn 170-253 V Rtn 85-127 V Rin 170-253 V Rtn 


MAX 
CURRENT 0.35 Amps 0.25 Amps 0.35 Amps 0.25 Amps 


FREQ 


TOLERANCE #0.5 Hz *0.5 Hz 


TABLE 1 
4.2.2 DC POWER 
DC power to ihe drive is via connector P5/J5 lacated on the non-component side of the PCB near the P4 con- 


nector. The two DC voltages and their specifications along with their P5/J5 pin designators, are outlined in 
Table 2. 


Pe MAX 
DC VOLTAGE TOLERANCE CURRENT RIPPLE (p to p) 
24 VDC 1.04 Max* 


+24V | +24V Return | 


1.1A Max 


"If either customer ‘nstaliable option described in 
sections 7.1 and 7.3 are used, the current require- 
men for the + 24-VDC is a multiple of the maximum 
+ 24¥ current times the number of drives on the 
line. 


TABLE 2 
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5.0 PHYSICAL INTERFACE 

The electrical interface between the SA850/851 and the host system is via three connectors. The first con- 
nector, J1, provides the signa! interface; tne second connector, J5, provides the DC power; and the third 
connector, J4, provides the AC power and frame ground. 


This section describes the physical connectors used on the drive and the recommended connectors to be 
used with them. Refer to Figure 16 for connector locations. 


5.1 JH/P1 CONNECTOR 

Connection to Jt is through a 50 pin PCB edge card connector. The dimensions for this connector are shown 
in Figure 13. The pins are numbered 1 through 50 with the even numbered pins on the component side of the 
PCB and the odd numbered pins on the non-component side. Pin 2 is located on the end of the PCB connec- 
tor closest to the AC motor capacitor and is labeled 2. A key slot is provided between pins 4 and 6 for op- 
tional connector keying. 


The recommended connectors for P1 are tabulated below. 


TYPE OF CABLE MANUFACTURER CONNECTOR P/N CONTACT PIN 

Twisted Pair, #18 583616-5 (crimp) 
(crimp or solder) 1-583718-1 583854-3 (solder) 
Twisted Pair, #18 

Flat Cable 3M “'Scotchtlex’ 3415-0001 


400+ 010" 450 + 010" 


2 KEY SLOT — > .036 + 004 
nan | oO 
| | | | 
0'° NOM vee 
ve NOM. (2x) 
050° NOM. 100° NOM. 
2.575 + 010° 


BOARD THICKNESS .062 + 007° 


+ 


FIGURE 13. J1 CONNECTOR DIMENSIONS 
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5.2 J5/P5 CONNECTOR 


The DC power connector, J5, is mounted on the non-component side of the PCB and is located below the AC 
motor capacitor. J5 is a 6 pin AMP Mate-N-Lok connector P/N 1-380999-0. The recommended mating con- 
nector (P5) is AMP P/N 1-480270-0 utilizing AMP pins P/N 60619-1. J5 pins are labeled on the component 
side of the PCB with pin 5 located nearest J1/P1. Figure 14 illustrates JS connector as seen on the drive PCB 
from non-component side. 


5.3 J4/P4 CONNECTOR 
The AC power connector, J4, is mounted on the AC motor capacitor bracket and is located just below the 
capacitor. J4 connector is a 3 pin connector AMP P/N 1-480701-0 with pins P/N 350687-1, 2 EA. and 


350654-1, 1 EA. The recommended mating connector (P4) is AMP P/N 1-480700-0 utilizing pins 350550-1. 
Figure 15 illustrates J4 connector as seen from the rear of the drive. 


OUO 
O]® 
© || © 


FIGURE 15. J4 CONNECTOR 


DRIVE PCB 


FIGURE 14. J5 CONNECTOR ie 


J5 AMP PIN 1-380999.9 


P5 AMP PIN 1-480270-0 


Py) CONNECTOR 
SCOTCHEFt EX 

PN 3415 0001 OR 
AMP PN 1 5837181 


REAR OF DRIVE 


AG DRIVE MOTOR 
CAPACITOR 


P4 AMP PIN 1-480700-0 


J4 AMP PIN 1-480701-0 


FIGURE 16. INTERFACE CONNECTOR-PHYSICAL LOCATION DIAGRAM 
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6.0 DRIVE PHYSICAL SPECIFICATIONS 


This section describes the mechanical! dimensions and mounting recommendations for the SA850/851. 


6.1 ORIVE DIMENSIONS 
Reference Figure 18 and 19 for dimensions of the SA850/851. 
6.2 MOUNTING RECOMMENDATIONS 


The SA850/851 is capable of being mounted in one of the following positions (refer to Figure 17): 


1. Vertical - Door opening to the left or right. 
2. Horizontal - Door opening up (PCB down). 


3. Upright - To mount the drive in this position remove the spring hook attached to the eject 
mechanism and attach the eject spring to the post the spring hook was attached to. 


OK 
re 


NOT RECOMMENDED 


BS / 


DOOR 


ve \ 


FIGURE 17. RECOMMENDED MOUNTING 
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Pr | 0] 


Handle extend 375° beyond faceplate. 
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7 


8.00 + .04 (2X) 


80 + .02 (2x) 


8.32 x .25 DP (4X) 


= oe oe 


Dimension is from end of base casting. 


Comestic front cover herght. 
Functional front plate height 


Cosmetic front cover width. 


462+ 03 
249% 


02 


ish 


38+ 01 
25 + 


FIGURE 19. 


7 8.55 + .03 


7.47 + 06 


855+ 02 


868+ 02 


Functionat front plate width. 


Cosmetic front cover thickness. 
Functional front plate thickness. 


Cosmetic front cover color comes 
only in tan. 


4) LJ 


SA850/851R DIMENSIONS 
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6.3 CHASSIS SLIDE 


Available as an optional accessory is a chassis slide kit P/N 50239. This kit contains two slides, one locking 
and one non-locking, and seven screws. Dimensions of the slide are shown in Figure 19. 


TO SA8B50 


ATTACHED re Y= TRAVEL > 06 iach eines ecsewma X = LENGTH + 03 —_——+» 


LENGTH/TRAVEL VIEW 


STANDARD MOUNTING 
HOLE SIZE 177 DIAM 


FIGURE 20. SLIDE MOUNTING DIMENSIONS 


6.4 DECORATIVE FACE PLATE 
The SA850/851 may be ordered with one of the following decorative face plates: 


SIZE COLOR 
45/8 x 10 1/2 Tan 
45/8 x 10 1/2 White 
51/4 x 10 Tan 
51/4 x 10 White 
51/4 x 11 Tan 
51/4 x 11 White 


“R’ Series-4 5/8 x 811/16 = Tan 
If another color is required to match the system's color scheme, the face plate may be painted. The follow- 
ing information should be utilized to avoid potential problems in the painting process. 


1. The front cover is made from GE's LEXAN. Dimensional stability of LEXAN is from -60°F to 
+ 250°F. If the paint used requires baking, the temperature should not exceed + 250°F, including 
any hot spots which can contact the cover. 


2. LEXAN is a4 polycarbonate. Any paint to be used shouid be investigated to insure that it does not 
contain chemicais that are solvents to polycarbonates. 
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7.0 CUSTOMER INSTALLABLE OPTIONS 

The SA850/851 can be modified by the user to function differently than the standard method as outlined in 
sections 3 and 4. These modifications can be implemented by adding or deleting connections and by use of the 
Alternate I/O pins. Some options are capable or being connected by use of a shorting plug, Shugart P/N 
15648 or AMP P/N 53013-2. This section will discuss a few examples of modifications and how to install 
them. The examples are: 

1. Select drive without loading head or enabling stepper. 

2. Select drive and enable stepper without loading head. 

3. Load head without selecting drive or enabling stepper. 

4. Radial Ready. 

5. Radial Index/Sector. 

6. In Use (Activity LED) optional input. 

7. Write Protect options. 

8. Side selection. 

9. Write Current Switch. 

10. Ready Standard/Ready Modified. 

11. Head Load Latch. 


12. Active Read Compensation Filter. 
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CUSTOMER CUT/ADD TRACE OPTIONS 


*A 16 pin programmable shunt Shugart P/N 
15658 (location 4F) is provided for the eight 
most commonly used cut track options. These 
traces are usually shorted as shipped from 
the factory. The traces can be opened as 
follows: 


1. Cut the trace using a Strap Cutter AMP 
PIN 435705. 


****MLC 10 ONLY. 
*****MLC 11 ONLY. 


TRAGE 
r5E sf Terminations for Multiplexed Standard inputs[ Ss] Plugged _| 
rDSiSS*d(Drive Select 1 Input Pin, —‘iESC“‘C CN OCPiUQged | 
(DS2.3.4 «Drive Select 2.3.4 InputPins Cd CX 
11B,2B,38,4B _—«i([Side Select Option Using Drive Select ss | XT 
[RAR CC~‘“‘CS#*O(RRadicl Ready r—“‘“‘CSCSdSCOCOCOCCUCULUCUdGLLUCX 
Ri RadiaiindexandSector CCX 
PR(SHUNT 4F)* [Option Shunt for Ready Output CT CX 
r2S.~SSSCSCS™~™~—Csd Poi Status Output Cd CXC 
PI(SHUNT 4E)* [index Output i—“‘“‘“‘iSdmLOOCUdE CX 
PS(SHUNT 4F)* [Sector Output, ——ts—‘“‘“‘“‘“‘(;‘wYSSC*C‘“(§?TNNN CT OX 
(DG... __ [Disk Change Option KY 
Stepper Power From Head Load pe | 
De SS 
PWPo si Inhibit Write When Write Protected = «| CT COX 
INP Sd Allow Write When Write Protected | CX 
De C*Y Alternate Inputin Use CX 
PM SSSC~™SCSCS Multi-Media Option ™C™—~—“—tsSSC“‘(TCC#§dCCS#PPPugge_—s 
‘OL Door ock Latch Option — TX 
|A.B.X(SHUNT 4F)* [RadialHeadload TC CX 
TS Alternate InputHead Load ___]_x | 
|Z(SHUNT 4F)* [In Use From Drive Select, — CTC CX 
Ys CCdin Use From Headload “(tw CXL 
rSt_ sd Side Select Option Using Direction Select, | =X | 
iS20CCCSC*d Standard Side Select Input CidT:Cs Plugged 
Sg. CC~C~—CSC*d Side Select Option Using Drive Select | XT 
IW Write Current Switch —~—“ié‘irYS*SC‘CNCCC(CUPPiluagges*** 
[RS CC~—C‘iER@ety Standard —“‘dLSCCCT:“”~Pluggee 
[RM CCCReady Modified CX 
PHLL ae CdHead Load Latch — s—“‘ESC“‘(‘$ETCSNXOT 
it t~—“‘CSSC*ilIn: Use Terminator — Cd Phe 
HHi Ss Head Load rin Usetothe in Use Circuit, TX [| 
[Fetes [Remove for MFM encoding installforM2FM | Xs] 
APt**** install for FM or MFM encoding | __t Plugged 
nstall tor M¢EM encoding. Bae ae Sea 


**The SA851 offers a standard data separator, 
as in the SA801. and an optional data separa- 
tor which properly separates data and clock 
bits through the soft-sectored IBM standard 
format and address mark area. Trace ''FS”’ 
offers the standard separator and Trace ‘‘TS" 
offers the optiona! separator. Either separator 
may be selected through a shorting plug. 
***Write current switch is plugged 

to the interface 
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MLC 10 COMPONENT LOCATIONS (P/N 25188) 


FIGURE 21. 


30 


tis eg, 
a 


: 


NE 


ise ge ee 05 


. TT ie Ld tek ee |, 8 
3 Ute ‘alla. 


— 


nox oer 


) 


FIGURE 22. MLC 11 PCB COMPONENT LOCATIONS (P/N 25200 
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7.1 SELECT DRIVE WITHOUT LOADING HEADS OR ENABLING STEPPER 

This option would be advantageous to the user who requires a drive to be selected at all times. Normally, 
when a drive is selected, its heads are loaded and the stepper motor is energized. The advantage of this op- 
tion would be that the output control signals could be monitored while the heads were unloaded thereby ex- 
tending the head and media life. When the system requires the drive to perform a Read, Write, or Seek, the 
controller would activate the Head Load line (pin 18) which in turn would load the heads and energize the 
stepper motor. After the Head Load line is activated, a 50 ms delay must be introduced before Write Gate 
and Write Data may be applied or before Read Data is valid. 

To install this option on a standard drive, the following traces should be deleted or added: 

1. Cut trace 'X’. 


2. Jumper trace 'C’. 


7.2 SELECT DRIVE AND ENABLE STEPPER WITHOUT LOADING HEADS 

This option is useful to the user who wishes to select a drive and perform a seek operation without the heads 
being loaded or with door open. An example use of this option is that at power on time, an automatic 
recalibrate (reverse seek to track zero) operation could be performed with the drive access door open. Nor- 
mally for a seek to be performed, the door must be closed and the heads loaded. When a Read or Write operation is to 
be performed, the heads must be loaded. After the Head Load line is activated, a 50 ms delay must 
be introduced before Write Gate and Write Data may be applied or before Read Data is valid. 

To install this option on a standard drive, the following traces should be deleted or added: 

1. Cut trace ‘B’. 

2. Jumper trace ‘DS’. 

3. Cut trace ‘HL’. 

4. Jumper trace ‘C’. 


Figure 23 itlustrates the circuitry. 
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FIGURE 23. SELECT DRIVE WITHOUT LOADING HEAD CIRCUIT 


7.3 LOADS HEADS WITHOUT SELECTING DRIVE OR ENABLING STEPPER 

This option is useful in disk to disk copy operations. It allows the user to keep the heads loaded on all drives 
thereby eliminating the 50 ms head load time. The heads are kept loaded on each drive via an Alternate I/O 
pin. Each drive may have its own Head Load line (Radial or Simplexed) or they may share the same line 
(Muitiplexed). When the drive is selected, an 15 ms delay must be introduced before a Read or Write opera- 
tion can be performed. This is to allow the read/write heads to settle after the stepper motor is energized. 
With this option installed, a drive can only be selected with both -Drive Select and -Head Load active. 

To install this option on standard drive; the following traces should be deleted or added: 

1. Cut trace ‘A’. 

2. Jumper trace ‘DS’. 

3. Cut trace ‘HL’. 


*4. Jumper trace ‘C’. 
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*If the -Head Load line is multiplexed, termination pack 5& fUMp RE must be removed from each drive except 
the last one on the line. 


Figures 24 and 25 illustrates the circuitry. 


+ HEAD LOAD 


+ 5V 
HL 


DS 
+ DRIVE SELECT 
TO STEPPER 


FIGURE 24. STEPPER MOTOR ENABLE CIRCUIT 
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-DRIVE SELECT 4 WB—l STANDARD TRACE 


BR/HBE DELETED TRACE 


WRB. ADDED OR JUMPERED TRACE 


-DRIVE SELECT 3 
-DRIVE SELECT 2 


-DRIVE SELECT 1 


ALTERNATE 
VO PINS 


-HEAD LOAD 


+ DRIVE 
SELECT 


+ HEAD 


-DOOR CLOSED LOAD 


*if the -Head Load line is multiplexed, termination pack SE must be removed from each drive except the iast one on the line. 


FIGURE 25. LOAD HEAD WITHOUT SELECTING DRIVE OR ENABLING STEPPER CIRCUIT 
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7.4 RADIAL READY 

This option enables the user to monitor the Ready line of each drive on the interface. This can be useful in 
detecting when an operator has removed or installed a Diskette in any drive. Normally, the Ready line from a 
drive is only available to the interface when it is selected. 

To install this option on a standard drive, the following traces should be deleted or added: 

1. Cut trace ‘AR’. 

*2. Cut trace ‘R’. 

*3. Adda wire from pad ‘'R”’ to one of the Alternate !/O pins. 

“One of the drives on the interface may use pin 22 as its Ready line, therefore steps 2 and 3 may be 
eliminated on this drive. All the other drives on the interface must have their own Ready line, therefore step 2 


and 3 must be incorporated. 


Figure 26 illustrates the circuitry. 
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FIGURE 26. RADIAL READY CIRCUIT 
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7.5 RADIAL INDEX/SECTOR 


This option enables the user to monitor the Index and Sector lines at ali times so that the drive may be 
selected just prior to the sector that is to be processed. This option can be used to reduce average latency. 


To install this option on a standard drive the following traces should be deleted or added: 

1. Cut trace ‘RI’. 

“2. Cut trace ‘I’. 

*3. Cut trace 'S’. 

*4. Add a wire from trace '!’ to one of the Alternate I/O pins. 

*5 Add a wire from trace ‘S' to one of the Alternate |/O pins. 

*One of the drives on the interface may use pin 20 (-Index) and pin 24 (-Sector) as its Index and Sector lines, 
therefore steps 2 - 5 may be eliminated for this drive. All other drives on the interface must have their own In- 


dex and Secicr lines, therefore, steps 2 - 5 must be incorporated. 


Figure 27 illustrates the circuitry. 


4 4 
W—M STANDARD TRACE VA 


WE/MODELETED (Cur) TRACE 
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+ INDEX 
‘0 
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FIGURE 27. RADIAL INDEX/SECTOR CIRCUIT 
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7.6 IN USE ALTERNATE INPUT (ACTIVITY LED) 


This alternate input, when activated to a logical zero level, will turn on the Activity LED mounted in the push 
bar on the front panel and tocks the door of the drive. 


To install this option on standard drive, jumper trace 'D’ to trace “HI” and activate the interface line pin 16. 


This signal is an ‘‘OR"’ function with Drive Select or Head Load. Figure 28 itlustrates the circuitry. For other 
uses, reference section 7.15. 


+5V 


+ 5V 


+ IN USE 
(TO LED) 


-DRV SEL INT 


-HEAD LOAD G——__——1 


+ DOOR LOCK 


FIGURE 28. IN USE/ACTIVITY LED CIRCUIT 


7.7 WRITE PROTECT OPTIONAL USE 

As shipped from the factory, the optional Write Protect feature will internally inhibit writing when a Write Pro- 
tected Diskette is installed. With this option installed, a Write Protected Diskette wil! not inhibit writing, but it 
will be reported to the interface. This option may be useful in identifying special use Diskettes. 


To install this option on a drive with the Write Protect feature, the following traces should be added or 
deleted: 


1. Cut trace ‘WP’. 
2. Connect trace ‘NP’. 


Figure 29 illustrates the circuitry. 


-WRITE PROTECT Oe  — ? TO INTERFACE 
WP 


NP TO WRITE CURRENT 
-WRITE GATE 


FIGURE 29. WRITE PROTECT CIRCUIT 
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7.8 DISK CHANGE (OPTIONAL OUTPUT) 


This customer installable option is enabled by jumpering trace ‘DC’. It will provide a true signal (iogicai zero) 
onto the interface (pin 12) when Drive Select is activated if while deselected the drive has gone from a Ready 
to a Not Ready (Door Open) condition. This line is reset on the true to false transition of Drive Select if the 
drive has gone Ready. Timing of this line is illustrated in Figure 30. The circuitry is illustrated in Figure 31. 


ORV SEL 2 ee Ps 

- READY ae i a 

-DISK CHG ay a. : > 
INTERNAL a en 


ENABLE 


FIGURE 30. DISK CHANGE TIMING 


+ 5V 


-DISK CHG 


-READY 


DRY SEL 


FIGURE 31. DISK CHANGE CIRCUIT 
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' 7.9 SIDE SELECTION, USING DIRECTION SELECT 


The Side Select function can be controlled via the Direction Select line, if desired. With this option, the Direc- 
tion Select line controls the direction of head motion during stepping cperations and controls side (head) 
selection during read/write operations. To implement this option, simply move jumper S2 to location $1. 


Figure 32 illustrates the circuitry. 


+ DRIVE SELECT 


-SIDE SELECT 
$1 


-DIRECTION SELECT 
-SIDE SELECT 


FIGURE 32. SIDE SELECTION, USING DIRECTION SELECT 


39 


7.10 SIDE SELECTION USING DRIVE SELECT 

In systems containing no more than two SA850/851 drives per controller, each read/write head can be 
assigned a separate drive address. In such cases, tne four Drive Select line can be used to select the four 
read/write heads. To implement this option, move jumper S2 to $3 and add a jumper to nB(n = 1, 2, Sor 4). 
For example, the first drive may have jumpers installed at DS1 and 2B while the second drive has jumpers at 
DS3 and 4B. With this jumper configuration installed, the four Drive Select lines have the following side 
selection functions. 

1. Drive Select 1 selects side 0 of first drive. 

2. Drive Select 2 selects side 1 of first drive. 

3. Drive Select 3 selects side 0 of second drive. 

4. Drive Select 4 selects side 1 of second drive. 


Figure 33 illustrates the circuitry. 
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FIGURE 33. SIDE SELECTION, USING DRIVE SELECT 
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7.11 DOOR LOCK LATCH 

The door lock circuit can be latched on under Drive Select contro! so that the door can remain locked 
without maintaining the active state of In Use. To implement this option, jumper DL, and then D to HI. Then, if 
the appropriate Drive Select line is activated while In Use is active, a latch wil! be set, which holds the door 
lock circuit active. To unlock the door, Drive Select is again activated while In Use is inactive. 


Figure 34 illustrates the circuitry for this option. 


+ 5V 


TO iN USE 
LED DRIVER 


TO DOOR 
LOCK DRIVER 


-IN USE 


+ DRIVE 
SELECT INT 


FIGURE 34. DOOR LOCK LATCH CONTROL 


7.12 TWO-SIDED (OPTIONAL OUTPUT) 


This signal indicates whether a Two-Sided (True Output) or a Single-Sided (False Output) Diskette is install- 
ed. To implement this option, install a jumper at 2S. 
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7.13 HEAD CURRENT SWITCH/ACTIVE READ COMPENSATION 


This interface signal is used for two different functions depending on whether the drive is in a write or read 
mode. 


7.13.1 HEAD CURRENT SWITCH 


When the interface signal is activated to a logical zero level, the iower vaiue of the write current is selected 
for writing on tracks 43 through 76. 


To enabie head current switching, short trace “IW” (to connect to the interface). 


To disable head current switching and select only the lower value of the write current, move the shorting 
plug at trace ‘‘IW”’ to the ground position and short trace ''M"’. 


Trace ‘‘M”’ is used to increase the values of both the lower and higher write currents available when current 


switching. 
ee ee 
i | 
|, | ose. 
— Ox 


(W IMPLEMENTED 


BB 
io] 
& 5 
FIGURE 35. |W JUMPER OPTION 


7.13.2 ACTIVE READ FILTER 


When the interface signal is activated to a logical zero level, the read signal is passed through an active filter 
network for reading tracks 60 through 76. Performance will improve when reading a diskette that has been 
recorded without write precompensation. 


To control the active read filter from the interface, short trace ‘‘IW”’ (to connect to the interface), remove 
jumpers AF and NF. When the interface is activated to a jogical zero level, read compensation is selected as 
if AF were added. When the interface is activated to a + 5V level, read compensation is selected as if NF 


were added. 


For optimum performance for FM or MFM encoding, jumper trace AF, for M2FM encoding jumper trace NF. 
7.14 READY STANDARD/READY MODIFIED 

As shipped the ‘‘RS"” jumper is plugged and the drive’s Ready Circuit will function as in the past. With the 
shorting plug in the '"RM”' position, the Ready Circuit is modified so that the drive will stay ready. This option 


is useful for those customers using the Direction Select line as Slide Select, so that when using single sided 
media the drive will stay ready when side 1 is selected. 
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7.15 HEAD LOAD LATCH 


This option enables the heads to remain loaded when the drive is deselected. To enable this option, jumper 
traces ‘'DL” and ‘‘HLL’’. The head load can then be latched by either of two interface lines - Head Load (pin 
18) or In Use (pin 16). If Head Load is to be used jumper pin ‘‘C”’ to pin ‘‘HI"’ and remove the ‘IT’ jumper 
(refer to figure 36). If In Use is to be used jumper pin “‘D’’ to pin ‘‘HI"' (refer to figure 37). In both cases, trace 
“A on shunt 4F must be cut. To load and latch the heads the user must activate either the Head Load or In 
Use lines and select the drive. When the drive is deselected, the heads will stay loaded and the door locked. 
To unload the heads, the Head Load or In Use line must be inactive when the drive is selected. 


DRIVER 


FIGURE 36. HEAD LOAD LATCH USING HEAD LOAD 
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+5V 


FIGURE 37. HEAD LOAD LATCH USING IN USE 
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8.0 OPERATION PROCEDURES 


The SA850/851 was designed for ease of operator use to facilitate a wide range of operator oriented applica- 
tions. The following section is a guide for the handling and error recovery procedures on the diskette and 
diskette drive. 


8.1 DISKETTE LOADING AND HANDLING 

The diskette is a flexible disk enclosed in a plastic jacket. The interior of the jacket is lined with a wiping 
material to clean the disk of foreign materiai. Figure 38 shows the proper method of loading a diskette in the 
SA850/851 Diskette Storage Drive. To load the diskette, depress latch, insert the diskette with the label fac- 
ing out. Move the latch handle to the left to lock diskette on drive spindie. The diskette can be loaded or 
unloaded with ail power on and drive spindle rotating. 

When removed from the drive, the diskette is stored in an envelope. To protect the diskette, the same care 
and handling procedures specified for computer magnetic tape apply. These precautionary procedures are 
as follows: 

1. Return the diskette to its storage envelope whenever it is removed from drive. 


2. Keep diskettes away from magnetic fields and from ferromagnetic materials which might become 
magnetized. Strong magnetic fields can destory recorded data on the disk. 


3. Replace storage envelopes when they become worn, cracked or distorted. Envelopes are designed 
to protect the disk. 


Do not write on the plastic jacket with a lead pencil or ball-point pen. Use a felt tip pen. 
Heat and contamination from a carelessly dropped ash can damage the disk. 


Do not expose diskette to heat or sunlight. 


SMe GOP. Ole oe 


Do not touch or attempt to clean the disk surface. Abrasions may cause loss of stored data. 


FIGURE 38. LOADING SA850/851 
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8.2 WRITE PROTECT — SA150/151 DISKETTES 


The SA150/151 diskettes have the capability of being write protected. The write protect feature is selected 
by the slot in the SA150/151. When the slot is open it is protected; when covered, writing is allowed. The slot 
is closed by placing a tab over the front of the slot, and the tab folded over covering the rear of the slot. The 
Diskette can then be write protected by removing the tab. See Figure 39. 


8.3 WRITE PROTECT, IBM DISKETTES 
IBM Diskettes are not manufactured with a write protect slot punched out as are the Shugart Diskettes. To 


Write Protect one of these diskettes, a slot must be punched out as specified in Figure 40. The operation of 
the write protect is that which is outlined in paragraph 8.2 


FOLD OVER BACK 
OF DISKETTE 


200+ 010 
O75R + 005 
e 
cs 
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FIGURE 40. WRITE INHIBIT NOTCH SPECIFICATIONS 
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9.0 ERROR DETECTION AND CORRECTION 

9.1 WRITE ERROR 

If an error occurs during a write operation, it will be detected on the next revolution by doing a read opera- 
tion, commonly called a ‘write check’'. To correct the error, another write and write check operation must 
be done. if the write operation is not successful after ten (10) attempts have been make, a read operation 
should be attempted on another track to determine if the media or the drive is failing. If the error still per- 
sists, the disk should be considered defective and discarded. 

9.2 READ ERROR 


Most errors that occur will be ‘‘soft’’ errors; that is, by performing an error recovery procedure the data will 
be recovered. 


Soft errors are caused by: 


1. Airborne contaminants that pass between the read/write head and the disk. These contaminants 
will generally be removed by the cartridge self-cleaning wiper. 


2. Random electrical noise which usually lasts for a few microseconds. 


3. Small defects in the written data and/or track not detected during the write operation which may 
cause a Soft error during a read. 


The foltowing procedures are recommended to recover from the above mentioned soft errors: 
1. Reread the track ten (10) times or until such time as the data is recovered. 


2. !f data is not recovered after using step 1, access the head to the adjacent track in the same direc- 
tion previously moved, then return to the desired track. 


3. Repeat step 1. 


4. If data is not recovered, the error is not recoverable. 


10.0 RESHIPMENT PRECAUTION 


Be sure to insert the shipping disk that was shipped with the unit, close the door, and instal! the latch stop 
when reshipping the drive. 


The packaging material must be clean and dry as determined by visual! inspection. Figure 41 shows how to 


repackage the disk drive using the original shipping containers. Figure 42 shows the pallet pattern and the 
minimum/maximum pallet size to use if reshipped in large enough quantities. 
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KAGE ASSEMBLY - 


FIGURE 41. Pac 
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APPENDIX A - ORDERING INFORMATION 


The table below can be used to construct a part 
number for a unique drive configuration 


AB CIDIEIF 


| smo. | ot | 


FEATURE 
Pack | 2 


FP= 
pone | 0 | 


4-5/8 
4-5/8 x 
5-1/4 x 
5-14 x 
5-14 x 
5-1/4 x 
Rack Mount 4-5/8 x 
a-11/16 | Fan 


Primary Voitage 
and 
Frequency 


"Motor assemblies inciude - motor, capacitor, and 
connector 
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